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Trends in Metallurgical Research 


in the United States 
By Edgar C. Bain 


For the honour of being invited to present the Eighth Hatfield Memorial Lecture I am 
deeply appreciative. I am grateful, too, for the distinction of having my name added to the 
list of illustrious former Lecturers who are thus associated with the memory of Dr. W. H. 
Hatfield. I recall well his visit to the American Society for Metals in 1928 as the Edward deMille 
Campbell Lecturer; he came to us—characteristically, I suppose—with a manuscript for a 
book of 150 pages, using only small excerpts therefrom for the Campbell Lecture. The book, 
later published, bears the title ““The Application of Science to the Steel Industry.” A fairly 
significant lecture for this occasion might be written, if one had the courage, just on the 
provocative questions which Dr. Hatfield raised or implied in this 1928 book, particularly if 
we added the current answers—if any—which we might make today. I remember also the 
enthusiastic, congratulatory slap on the back he gave me in his laboratory, in 1932, when, by 
way of a demonstration, I bent a small round bar of our ‘ austempered ’ steel (British Pat. 
No. 424,124) around approximately its own diameter, though it was hard enough to scratch 
glass. 

Dr. Hatfield’s 1928 visit to America came in the midst of a period during which metallurgists 
in general there were beginning to feel some confidence in their own competence in metallurgical 
research. Previously, many of the more refined and brilliant studies had been made in Europe, 
and there had been a feeling that from Europe must come the fruits of any very difficult 
researches, such as constitution diagrams and the like. It was a period, too, in which light 
was being cast rather easily upon many problems, and we felt, perhaps, that we were reaching 
a kind of steady state in which what we called the ‘ science of metals ’ would grow at a com- 
fortable, constant rate through our now effective researches. What with excellent microscopy, 
dilatometric equipment, X-ray diffraction apparatus, etc., in competent hands, I should 
conjecture that what we were really doing was, to some extent, picking all the easy tasks and 
making a rather good job of them. Perhaps we shall never see an era again of such apparent 
lucidity of theory, and of such so-called ‘ down-to-earth ’ experimentation. To be sure, we did 
inveigh against designing with built-in notches—but no one then lost much sleep over high 
velocity, brittle fracture or transition temperature. We were, we felt, just about to round out 
the last item in the full understanding of martensite. Nucleation and growth had been a very 
appropriate descriptive phrase, and given a simple quantitative significance by Tammann. 
The subject was yet to receive its detailed extensions under R. F. Mehl. And with something 
approaching nostalgia, I remind you how crystals of metals were then fully represented by 
cork balls on rods; and in those 1928 models there were no vacancies provided, nor any edge 
dislocations. 

If I may be forgiven a reminiscence, it was during 1928, twenty-seven years ago, that 
I spent my spare time wondering how one might somehow learn something quantitative about 
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the time consumed in the direct transformation of austenite in steel. I had already made 


some semi-quantitative observations upon the isothermal transformations of retained austenite , 
—retained, persistently, that is, in untempered, quenched tool steels of fairly high alloy content. F 
I decided early that I should have to study the rates isothermally if I were ever to unscramble ) 
the data. It was pleasant and fortunate for me, personally, that Mr. E. S. Davenport in 1929 ‘i 
decided to cast his lot with me in this venture, and the work prospered thereby. ? The ensuing 

study was rewarding in the kind of pleasant satisfaction which research can give. Our vast ” 
regret is that our preoccupation with the distinct types of microstructure formed, and their growth : 
patterns, especially in the temperature regions of high time-interval accuracy, led us so long se 
to neglect, and thus misinterpret, the rates and mechanisms observed in the lower temperature . 
zone of the isothermal transformation diagrams. In written discussion at the time, Robertson? - 
pointed out that martensite forms, not isothermally, but athermally with falling temperature. 7 


This was an amazing concept; it required time for confirmation and assimilation, but at length 
we all recognized its verity and significance. The most unfortunate part of any error which 

is published is that it manages to be copied and re-published so often before the correct view as 
is widely promulgated. We sought finally to correct the older and unacceptable story in the 
second edition* of the “ Atlas of Isothermal Transformation Diagrams,” which, with the 
supplements, now embraces 474 compositions. In the Atlas, the lower part of the diagram 





is omitted as not being a range for isothermal transformation. The British Atlas is, I believe, ay 
modelled on the United States Steel book, though your volume escaped the error most tr 
thoroughly. And now, ironically enough, Morris Cohen® at Massachusetts Institute of sh 
Technology finds that there are isothermally formed martensites in certain compositions. ov 
But we reminisce too long. sis 
ac 
WE ARE TODAY to discuss trends in metallurgical strong, though gradual, recognition in the United in 
research in the United States. It will, I am sure, States of the consequences of what may prove to be ra 
cover only a few of many trends, for research, at an unfortunate categorization. This perplexity has to sc’ 
home as elsewhere, is like the cavalier who mounted do with metallurgy itself and its metes and bounds. tic 
his steed and galloped off in all directions; nor do I One needs from time to time to reflect upon the of 
think that this is necessarily all bad. In the case of third syllable, i.e. the —urg-’ of metallurgy (which ex 
some of the directions taken by metallurgical research, we, in our American pronunciation, accent rather wc 
I am far from qualified to discern, much less describe, more strongly); it is, like ‘erg,’ from ergos, that is, Sh 
a trend. a ‘worker.’ A metallurgist was, then, philologically, set 
At the outset I can say that in our thinking, if a worker in metals. By extension, is a research / 
not in our budgets, the old scientific distinction metallurgist one who works at research in metals or dif 
between ferrous and non-ferrous metallurgy is not one who carries on research in metal working ? to 
held to be very significant or important. Rather, iron More seriously, the difficulty which arises may have Th 
is counted as one of the more interesting metals, with its origin, in part, with our present concept of metal- 
somewhat more complicated behaviours, and hence _lurgy as a science of metals, instead of the working of 
we not infrequently find it convenient first to study metals as a skill. Traditionally and conventionally, 
other metals, the better thus to approach the peculiar the branches of science are quite properly named and 
problems of iron and steel. defined to represent domains of scientific knowledge 
One trend in our fundamental researches of late and, thus categorized, a satisfactory degree of homo- 
will, I predict, prove of great advantage in the growth logy or coherency exists within each. But the name 
of our ‘science of metals.’ I refer to the recent ‘ metals’ (including alloys) applies to a certain class 
tendency to combine critical experimental programmes of substances, not a domain of knowledge. The 
with the theoretical creativeness which has flourished _ scientific basis for understanding metals is derived 
so outstandingly on both sides of the Atlantic during from many of the branches of science, and its domains 
the last few years. In other words, there appears to cut across nearly all. Fortunately, one need be highly 
be a new desire to return to ingeniously controlled trained in only two or three of the various sciences 
experimentation designed to confirm or deny a theory, to study and understand much of the behaviour of 
or just to add significant understanding of some metals and a very great deal of their technology. 
metallic behaviour. Indeed, that is what is largely, and so wisely, taught 
This trend is illustrated well in the collected papers in courses in metallurgy.’ But the philosophy of 
of the nine pre-Congress Seminars® held over the categories is at times stretched far to embrace ‘ the 
weekends preceding the regular technical sessions of science of metals.’ The curious circumstance emerges 
the American Society for Metals. The papers usually that the particular scientist, who, from one entirely 
cover some timely, lively, highly scientific and sound point of view, knows most of what a bit of metal 
engrossing subject and they are thoroughly discussed. is really composed, is probably utterly unable to aid in 
These seminars are an inspiration for the younger producing, for example, a better heat-treated forging. - 
g. 


technical people and, for the older, a source of amaze- 
ment. I should be inclined to give a very high place 
to these meetings in the furthering of fundamental 
metallurgy. 

In the matter of epistemology, there seems to be a 
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I mention this in particular because we are facing 
a grave difficulty in securing sufficient metallurgists 
either for operations or for research. Actually, it 
would appear that we should rather say that we are 
experiencing a dearth of chemists, physical chemists, 
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chemical engineers, and physicists, schooled in the 
special disciplines of the solid metallic state, who wish 
to make careers in metallurgy. I venture to hope that 
students are not repelled from metallurgy by the 
third syllable, “-urg—’ which may perhaps suggest 
ergon, rather than ergos, and means ‘ work.’ 

Turning now from my own musings on the anatomy 
of metallurgy as an exceedingly broad segment of 
science, or a confluence of sciences, I should like to 
refer specifically to some of the metallurgical researches 
which are under way in America, and some of the 
generalizations which are taking form. They are not 
necessarily the most important, the most interesting, 
or even the most recent. They are merely a selection. 


X-RAY METALLOGRAPHY AND RELATED 
TECHNIQUES 

Great impetus has been given to several significant 
applications of X-ray diffraction by the use of elec- 
tronic counters replacing photographic film. As 
shown in the comparison of intensity measurements 
over a broad line, in Fig. 1, the counter can 
significantly improve the techniques. Enhancing the 
accuracy of intensity and angle measurements as 
indicated, the Geiger counter, and for wider linear 
range of intensity response, the proportional or 
scintillation counters, have extended X-ray applica- 
tions widely. Furthermore, the automatic recording 
of angle and intensity, by conserving time, has greatly 
expedited studies of the constitution of alloys. The 
work of Goldschmidt’ at the B.S.A. Laboratories in 
Sheffield is regarded by American investigators as 
setting the highest standards in its field. 

Attempts have long been made to use X-ray 
diffraction to measure elastic strain® and therefrom 
to evaluate stress (particularly residual) near surfaces. 
The elastic anisotropy of iron (and certain other 
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Fig. 1—Comparison of intensity distributions about the 
a“, peak of the (211) reflection from ferrite in 
quenched and tempered steel as measured by 
Geiger counter and photographic techniques. 
A.LS.I. 4342 steel, O.Q. from 1550° F., tempered 
4 hr. at 400°F., A.C. Hardness 53-5 R, CrK, 
radiation 40 kV., 10 mA. 
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Fig. 2—X-ray determination of longitudinal stress 
distributions (curves A and B) in a notched plate 
for the two average stress levels indicated by hori- 
zontal broken lines (J. 7. Norton, Massachusetts 
Institute of Technology) 





metals) greatly complicates the problem. Dr. John 
Norton® says “ the real question is one of whether the 
particular grains which the X-ray beam selects from the 
poly-crystalline specimen correctly represent the true 
average macroscopic stress, or whether, because of the 
high level of heterogeneous microstresses, something 
different from the true average macrostresses is indicated.” 
Probably, nearby grains are in neither an ‘ iso-strain ’ 
nor an ‘ iso-stress’ state. The precision method of 
Norton! employs the apparatus shown in Fig. 12. 
It involves getting the difference in spacing of chosen 
planes, as between those very nearly parallel to the 
surface and a set of corresponding planes at an angle 
of about 45° thereto, both measurements in the same 
plane with reference to the principal stress direction 
in question. A calibration table, made up from data 
on originally stress-free material under known macro- 
stress externally applied, provides the values of stress 
from the X-ray crystal strain data. Similar surface 
and 45° measurements are often made at right-angles 
to the first, thereby very largely defining, for example 
in plate, the state of stress at the surface. As may 
be seen in the exploration of longitudinal stress in a 
notched plate specimen (Fig. 2), consistent results may 
thus be obtained with high precision; but such achieve- 
ment involves all devices for pushing the method to 
its very limit. 

Again, the adaptability of the method to exploration 
of stress patterns carrying sharp gradients is well 
illustrated in Fig. 3, which shows the stress across 
and a little beyond a circular area of high yield strength 
in a soft steel plate. As shown, a 1-in. hole was filled 
with high-strength weld metal, ground smooth, and 
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Fig. 3—X-ray determination of longitudinal stress 
distribution in a plate containing a hole plugged 
with weld metal and subjected to bending (J. 7. 
Norton, Massachusetts Institute of Technology) 


stress-relieved, so that a (vertical) tensile stress could 
then be developed by bending. When bent only a 
little, the elastic strains were uniform across the 
specimen as shown by the crosses. When the bending 
was increased to cause a little yielding, the stress in 
the hard metal was quite high, and with greater 
bending the strong disc, now very highly stressed, 
picked up much of the load with consequent low stress 
in the plate material. 

Electronic methods of determining and recording 
X-ray intensities, combined with an extremely narrow 
slit and a suitable monochromatized beam, opens the 
way for the use of absorption to determine steep 
composition gradients as in diffusion." The actual 
specimen is a thin section, cut diagonally if desired, 
containing the full diffusion zone. The specimen is 
moved in front of the very narrow slit and the 
intensity of the unabsorbed beam is continuously 
recorded as a function of the movement of the speci- 
men. A typical result is shown in Fig. 4, in which 
a composition/distance curve is plotted for the full 
diffusion zone and compared with chemical analyses. 
In the study of phase diagrams of multi-phase binary 
alloys this method is particularly effective in that, 
when phase equilibrium is established, an abrupt dis- 
continuity may be revealed in the absorption curve 
corresponding to the composition limits of the 
individual phases, which in a single intermediate 
composition would exist together. 

Another technique for rapid determination of self- 
diffusion is that employed at the Massachusetts 
Institute of Technology,’* involving the use of a 
radioactive isotope and utilizing the local radiation 
to darken a film which is appropriately brought in 
contact with a surface representative of the diffusion 
gradient. Figure 5 shows the result of micro-densito- 
meter measurement on a film applied to an oblique 
section across the interface zone.1* 

Neutron diffraction is analogous in a general way 
to X-ray diffraction, but the mechanism is sufficiently 
different for the method to provide important 
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advantages in certain types of crystal structure 
studies.14 The diffraction of neutrons by nuclei rather 
than orbital electrons is of value in studies of alloys 
of elements adjacent in the periodic table, as for 
example Ni,Mn and FeCo.15 _—‘The latter exhibits a 
greatly intensified diffraction line with neutrons for 
the superlattice line 100 as compared with the X-ray 
line, as shown by the following table: 
Relative Diffraction Line Intensities Characterizing 
Order and Disorder in FeCo 


X-rays Neutrons 


Iyoo superlattice line 1 1 
ZIy,9 normal lattice line 1390 6 


Because of the interaction of the spins of the 
neutrons and those of the 3d electrons of the atoms 
of the structures to cause a particular scattering 
(known as ‘ magnetic’), the magnetic structure of 
metals and alloys can now be penetratingly investi- 
gated by neutron diffraction.1® 


ANALYSIS OF STEELS BY X-RAY FLUORESCENCE 

Another field in which the Geiger counter has 
brought about significant advances is X-ray spectro- 
scopy or fluorescence analysis,!’ the principles of 
which have been known for many years. Figure 6 
shows plots of the intensity of the K, line v. concentra- 
tion for nickel, chromium, and molybdenum in stain- 
less steels as determined in our laboratories using the 
equipment shown in Fig. 13. These curves demon- 
strate that accurate analyses of stainless steels for 
these elements can be made by the X-ray spectro- 
graphic method. Recent developments in this field 
indicate that curved crystal analysers, which have 
definite advantages in resolution and intensity, will 
be widely used in the future, as will vacuum or 
helium-filled optical paths to permit the determination 
of low-atomic-number elements. Birks and Brooks'* 
have recently described the use of a curved crystal 


— X-ray analysis 
o Chem. analysis 


1OOx 


90 


80 


NICKEL, wt.-% 


60 





50 
O02 4 6 8 10 12 14 16 18 20 


d(O-OO! in.) 


Fig. 4—Comparison of X-ray absorption and chemical 
methods for determining the nickel concentration 
in a Ni-NiAu diffusion zone: 720 hr. at 875° C. 


NOVEMBER, 1955 





Qe es A Or 


RELATIVE INTENSITY I/Ip 


Fig 


ture 
ther 
loys 

for 
ts a 
for 
ray 


the 
oms 
ring 
> of 
sti- 


NCE 
has 
tro- 
; of 
re 6 
tra- 
ain- 
the 
10n- 
for 
tro- 
ield 
ave 
will 
| or 
tion 
kg18 
stal 


lical 
tion 





BAIN: EIGHTH HATFIELD MEMORIAL LECTURE 197 


spectrometer for the analysis of small concentrations 
of niobium, hafnium, tantalum, thorium, and uranium 
in very small samples; also they report the use of a 
three-channel, curved-crystal spectrometer for simul- 
taneous analysis of chromium, nickel, and molyb- 
denum in steel. 


MARTENSITE IN SODIUM AT —400° F. (—240° C.) 


It will be recalled that Dr. C. S. Barrett!® accom- 
plished some very difficult experimentation in his 
discovery of a martensite-like transformation in 
lithium upon progressive cooling below about 70° K. 
Cold-working, he found, even at somewhat higher 
temperatures, induces transformation to a face- 
centred cubic structure, while the athermally trans- 
formed product was close-packed hexagonal. Also in 
1948, he reported a possible similar transformation in 
sodium at a somewhat lower temperature.”° 

The technique®! now employed in re-investigating 
the alkali metals uses the interesting apparatus of 
Fig. 14; in it accurate diffraction data (Cu radiation) 
are obtained with a Geiger or proportional counter, 
the specimen temperatures being carried down to 
about 1-2° K. in the cryostat. No transformations 
were found in potassium, rubidium, or cesium, but 
in sodium the transformation structure is clearly 
revealed as close-packed hexagonal with imperfect 
stacking as in lithium.?? Cold work merely produces 
more of the hexagonal modification, the axial ratio 
of which is 1-634 as compared with 1-637 for hexa- 
gonal lithium. The disparity is of interest in con- 
sideration of the theoretical effects of electron 
distribution. 

To obtain the X-ray diffraction data, the needed 
clean sodium surface is prepared in situ, after the 
pure helium atmosphere has been established, with 
an ingenious chisel manipulated by a ‘sylphon’ 
attachment—a tool adapted to scrape away oxide as 
well as to accomplish cold work when differently used. 
For crystallographic spacings and ratios, reflections 
from the atomic planes free of faults are used. The 
transformation first occurs upon progressively cooling 
below 36° K. and may reach to 10% at 1-2° K. 

The metallographic evidence (Fig. 15) of the first 
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Fig. 5—Intensity/distance curve obtained by autoradio- 
graphic technique in study of self-diffusion of gold 
in Au-Ni alloys (80 at.-% Ni) (M. Cohen, Massa- 
chusetts Institute of Technology) 
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Fig. 6—X-ray fluorescence determinations of nickel, 
' chromium, and molybdenum in stainless steels 
(K, radiation) 


small transformation?’ is the geometrical roughening 
of a highly specular surface; the markings are 
preserved at room temperature. This ‘ polished ’ 
specimen (Fig. 16) is obtained by melting the sodium 
in a short glass tube into which it was vacuum- 
distilled and sealed. The very smooth surface, result- 
ing from fusion clear of the restraint of the glass, 
roughens with the first transformation which is clearly 
of the martensite type. 


THE NATURE OF MARTENSITE 


Over a period of some five years a kind of contro- 
versy has been going on between two schools of thought 
about the nature of martensite transformation. 
Hollomon, Fisher, and Turnbull?4 have visualized a 
simple nucleation and growth mechanism for the 
transformation. In their view, the effective nuclei, 
which at low temperature become supercritical in size, 
are located in solute-poor regions. Growth is then by 
a diffusionless, atom-by-atom movement in the 
receding austenite as the martensite advances through 
a coherent interface. The Cohen and Averbach?® 
group prefer to regard martensite nuclei as strain 
centres (strain embryos) wherein resides sufficient 
strain energy to initiate a co-operative displacement 
among the austenite atoms. If it occurs to any that 
this difference is something less than antipodal, be 
assured that the vigour of defence of the opinions 
gives no support to such a view. Some prefer their 
thermodynamics to be more mechanical, others more 
chemical. 

Supporting the ‘strain nucleus’ concept, and 
weakening the ‘atom-by-atom shift’ contention is 
the circumstance that no slowing of the transforma- 
tion is observed at very low temperatures,*® while 
the existence and behaviours of isothermal martensite 
are construed to support the nucleation and growth 
view of Hollomon e¢ al.?7 

With respect to isothermally transformed marten- 
site, Shih, Averbach, and Cohen?® find that its 
formation is greatly accelerated by the presence of 
some athermal or ordinary martensite. It forms by 
nucleation of new plates rather than by growth from 
the first plates within a grain. A strong argument 
for strain nuclei (embryos) is the observation that 
low-temperature stress-relief annealing seems, accord- 
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Fig. 7—Change in Ms temperature as a function of 
loading condition (J. R. Patel and M. Cohen, Massa- 
chusetts Institute of Technology) 


ing to Machlin and Cohen,?° to destroy such nuclei 
while cold work produces them. 

As may be inferred from Fig. 7, Patel and Cohen* 
verified experimentally that the M, temperature is 
raised by uniaxial compression and even more by 
tension, and lowered by hydrostatic pressure, just as 
predicted by the sums of the chemical free-energy 
changes and the work done on or by the external 
forces. 

Another aspect of the martensite transformation 
that has been the subject of intense study is that of 
the formulation of specific atomic displacements, 
consistent with the observed crystallographic relation- 
ships between the parent austenite and the trans- 
formation product. An important contribution was 
made by Geisler,*' who pointed out that the irrational 
features of martensitic structures might be regarded 
as the result of plastic flow accompanying the trans- 
formation, and that the dominant role of the shear 
is to minimize the strain energy and not necessarily 
to generate the new crystal structure. Perhaps the 
most successful detailed analysis is that developed by 
Wechsler, Lieberman, and Read,*? in which the trans- 
formation is visualized as involving a pure distortion 
somewhat of the type in Fig. 8, suggested by the 
present speaker,?* combined with a rigid body rota- 
tion. On this basis a theoretical analysis is developed 
which predicts the habit plane, orientation relation- 
ships, and macroscopic distortions from a knowledge 
only of the crystal structures of the initial and final 
phases. 

TEMPERING 


The current views from all quarters with respect to 
the mechanisms of tempering are becoming more and 
more reconcilable and, indeed, there is something 
approaching unanimity on broad lines.*4 

Quite generally, for convenience, tempering of 
quenched steel is regarded as occurring in four distinct, 
though not necessarily independent, stages.*° 

(I) The first stage of tempering high-carbon mar- 
tensite is regarded as embracing the rejection of the 
first supercritical particles of carbide, and the changing 
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in degree of martensitic tetragonality corresponding 
to a much lower carbon content, as proposed by 
Jack.°6 Roberts, Averbach, and Cohen?’ confirm this 
view; in some very precise work, they estimate the 
carbon content of the hexagonal epsilon carbide as 
corresponding to a hypothetical stoichiometric Fe,,,C 
and the new impoverished martensite as of 0-25%% 
carbon content. 

On the basis of observations with the electron 
microscope, Cohen suggests that the martensite in 
hardened steel inherits a network of sub-boundaries 
from the parent austenite, and that these locations 
provide the sites for the first carbide precipitation 
upon tempering, the carbide being visible as a network 
around the sub-grains as shown in Fig. 17a. 

(II) The second stage, in carbon steels at least, is 
that of an isothermal transformation of any residual 
austenite, the rate of which may be governed by the 
diffusivity of carbon in austenite. 

(III) The third stage is characterized by the forma- 
tion of cementite of regular Fe,C crystal form, through 
re-solution of the hexagonal carbide and re-precipita- 
tion along the martensite plate boundaries and within 
the martensite itself. 

Cohen e¢ al.*® show an early stage of the formation 
of cementite in Fig. 17a, while in Fig. 176 the cementite 
has grown into fairly massive networks and the fine 
sub-boundary films of epsilon carbide are being 
redissolved. In Fig. 17c, the epsilon carbide has 
completely disappeared in favour of the more stable 
cementite. As the tempering temperature is raised 
further, the cementite networks along the boundaries 
of the martensitic plates thicken and become more 
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Fig. 8—The distortion which any homogeneously trans- 
forming volume of austenite undergoes in order 
to become martensite 
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continuous. This is accompanied by a re-solution of 
the cementite particles that previously precipitated 
within the martensite. By this time, the matrix has 
lost its tetragonality and is indistinguishable from 
body-centred cubic ferrite. The ferrite is outlined by 
the cementite networks, and inherits an acicular 
configuration from the prior martensite. Eventually, 
the cementite undergoes coalescence and the well- 
known spheroidized structure is attained. There is a 
concomitant migration of the ferrite grain boundaries, 
resulting in grain growth and equiaxed shapes. 

According to Cohen,** the so-called 500° F. (260° C.) 
embrittlement sets in when the cementite begins to 
form more or less continuous networks around the 
boundaries of the martensitic plates. Retained 
austenite, if present, also transforms in this tempera- 
ture range into a bainitic product, but this is mani- 
festly not the cause of the 500° F. (260° C.) embrittle- 
ment because the latter is not reduced in magnitude 
when the tempering is carried out on refrigerated 
samples, containing less retained austenite than 
as-hardened samples. 

The 500° F. (260° C.) embrittlement becomes an 
important consideration in the very high strength 
steels that have to be tempered in the low range of 
400-500° F. (204-260°C.), for maximum useful 
strength. Kinetic studies,*° however, have shown that 
silicon is very effective in retarding the nucleation and 
growth of cementite. Possibly the reason for this 
striking phenomenon is that the cementite does not 
accept silicon in its lattice to any appreciable degree, 
and therefore this stage of tempering is controlled by 
the rate of silicon diffusion away from the cementite 
rather than by the rate of carbon diffusion towards it. 
Be that as it may, the presence of about 1-5% silicon 
raises the embrittling range by some 200° F. (110° C.), 
and hence such steels can be tempered successfully at 
400-500° F. (204-260° C.). At the same time, there is 
a noticeable strengthening effect from the silicon in 
solid solution. 

(IV) This interesting stage is prominently manifest 
in steel containing alloying elements which form 
special carbides. Otherwise only coarse spheroidiza- 
tion from fine platelets and particles takes place. In 
the presence of chromium, molybdenum, tungsten, or 
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Fig. 9—Effect of boron additions on hardenability 
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vanadium, a new double carbide, characteristic of the 
composition, forms from new nuclei, while the 
cementite discs or platelets disappear through 
solution. 

This phenomenon has never been so well shown, 
so far as I am aware, as in the electron micrographs 
obtained by the associates of Professor Quarrell*' at 
the University of Sheffield. It is a matter of great 
interest to the present speaker to see today the actual 
photographic evidence supporting a theory*? offered 
thirty years ago by him with scarcely enough evidence, 
but with a conviction that no other mechanism could 
then so well explain the phenomenon of secondary 
hardness. 


THE BORON EFFECT 

The discovery of the boron effect on the harden- 
ability of steel was made at a time when the ordinary 
alloying elements added to enhance hardenability 
were in short supply,‘? and it has served very well. 
It had been amply shown and reverified that the only 
known way to realize toughness and high strength 
simultaneously was to replace the fine-pearlite micro- 
structure of unhardened steel with the tempered 
martensite (or lower bainite) structure. One can, for 
example, realize 130 tons/sq. in. at ordinary tempera- 
ture, coupled with an elongation in 2 in. of better 
than 8%, but only in hardened and tempered steel. 
Still greater plasticity can, of course, readily be 
coupled with somewhat lower strength. The practical 
problem then was simply to obtain and add alloy 
enough to ensure the needed depth of hardening in 
the needed tons of large sections ! 

Boron frequently almost doubled the diameter of 
rounds which could just be hardened through, and 
as little as about 0-0015°% accomplished this (Fig. 9). 
How it accomplished the amazing retardation of trans- 
formation to fine pearlite or upper bainite was, and 
is, obscure. It has attracted considerable research in 
our own laboratories, and as a result, we are somewhat 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








200 BAIN: EIGHTH HATFIELD MEMORIAL LECTURE 


Plastic 





a 


\Polished 





V Ist. etch 


Metal 





FIRST ETCH 





\ N 
De \'y) \) \\ VARY, ealetetatetes TUR \\ v\ \ v) 


2nd. etch 
Vly 
Ve 








SECOND ETCH 


~ \ . 


REPLICA 








Fig. 11—Schematic diagram of extraction replica 
technique 


acquainted‘ with its effects. We know, for example, 
that it serves best with lower-carbon steels, and that 
it can be made ineffective by heat-treatment. But the 
mechanism of its influence is not yet known. In my 
opinion the most important observation has been 
made by Nicholson*® at the University of Chicago, 
and shown in Fig. 10. He has found that in essentially 
pure, dilute, iron—boron alloys the depression of the 
temperature of transformation with increasing cooling 
rate is steeper than for the boron-free iron. Considered 
along with the greater effect in lower carbon steels it 
would appear that boron may somehow ‘ denucleate ’ 
ferrite. Some ten years ago the present speaker noted 
that the boron effect was not far from that exerted 
by an austenite coarsening of two or three A.S.T.M 
grain-size numbers, and indeed that boron steels were 
usually a grain-size number or two coarser at quench- 
ing temperature, and somewhat facetiously suggested 
that perhaps boron merely ensured inactive, non- 
nucleative, glassy inclusions instead of the active 
crystalline, aluminous inclusions, ordinarily found in 
our alloy steels. It may probably be much more 
complex than this. Nicholson** has found also that 
80% of the carbon in Fe,C can be replaced by boron 
with a change in the b lattice parameter from 5-07 
to 5-40 A. and a rise in the Curie temperature from 
374° to 1040° F. (190° to 560° C.) and with an increase 
in saturation magnetization. These data, however, do 
not seem at present to suggest a definite boron 
mechanism. 


ELECTRON METALLOGRAPHY 


In the field of metallography, electron microscopy 
and its companion tool electron diffraction have been 
combined in a powerful technique by R. M. Fisher,*’ 
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of our laboratories. He isolates, in a thin plastic film 
or replica, minute particles of a segregate phase, so 
that they maintain in the replica the same relative 
position as they occupied in the metal matrix. This 
method is known as the extraction replica technique. 
The principle of the method is shown schematically 
in Fig. 11. A conventional plastic replica is applied 
to the metallographically polished and etched surface 
of the sample, and then the surface is re-etched 
through the replica, which is quite permeable to 
etching solutions. The effect is twofold: first, to 
provide a conventional replica of the topography of 
the etched surface, and second, to undermine and 
extract particles of the segregate phase so that they 
will adhere to the replica upon stripping. 

By this means, the actual particles may be viewed 
directly at very high magnification in the electron 
microscope to determine their size and shape and their 
orientation and distribution in the matrix. Further- 
more, the method provides an ideal arrangement for 
mounting the particles for determination of their 
crystallographic identity by electron diffraction. The 
use of this new technique, in combination with 
selected-area electron diffraction, also makes it 
possible for the first time to isolate individual minute 
particles of a solid-phase precipitate, and to obtain 
crystallographic information from a single particle 
that has been previously observed and selected for 
study under high magnification in the electron 
microscope. 

One illustration of the use of this technique is the 
observation and identification of precipitate particles 
in the grain boundaries of a low-carbon (0-026%) 
18/8 Cr—Ni steel (type 304Z), which had, notwith- 
standing, developed grain-boundary susceptibility to 
corrosive attack. The precipitate particles are shown 
in the electron micrograph of an extraction replica 
(Fig. 18) at a magnification of x 15,000. The particles 
are roughly of triangular shape and measure about 
7000A. on a side. Electron diffraction patterns of the 
particles in this replica demonstrate conclusively 
that they are the complex iron—-chromium carbide 
(Fe,Cr).,C,. For the most part they are situated 
within a rapid-etching zone at the grain boundary. 
This rapid-etching zone undoubtedly corresponds to 
the grain-boundary region which is depleted of 
chromium, and X-ray diffraction evidence indicates 
the presence of ferrite in this thin zone. 

Another interesting illustration of the use of this 
technique is the observation and identification of the 
constituent that precipitates during ageing of a 
copper-bearing steel. The rod-like particles and the 
electron diffraction patterns identifying them as 
copper are shown in Figs. 19 and 20 for ageing at 
1200° F. (649° C.) and 1300° F. (704° C.). 

It is also pertinent to mention here the work of 
Subcommittee XI of A.S.T.M. Committee E-4 on 
Metallography!* on the morphology of the bainitic 
and tempered martensitic structures in eutectoid 
carbon steel. One interesting observation is that 
upper bainite, in an early stage of austenite decomposi- 
tion, consists of ferrite needles with stringers or 
chunky particles of cementite at the needle boundaries. 
These needles, which appear to be lath-like, nucleate 
at austenite grain boundaries and grow into a grain 
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Fig.§ 13—X-ray fluorescence analysis apparatus 


em ‘ig. 12—Geiger-counter diffractometer used for 
Neir strain determinations. (J. 7. Norton, Massachu- 
her- setts Institute of Technology) 
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Fig. 15—Transformation markings in sodium after cooling to 
20:4 K. (C.S. Barrett, Institute for the Study of Metals) 25 





his Fig. 14—X-ray diffraction apparatus 
the used in studies of low-temperature 
a transformation in sodium. (C. 8. 
the Barrett, Institute for the Study of Metals) 


ies. Fig. 16—Sample of sodium in evacuated 
ate tube illustrating type of specimen 
used in metallographic studies of 
low-temperature transformation. § ((. 
S. Barrett, Institute for the Study of Metals) 
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(a) 450° F. (b) 500° F. (ec) 600° F. 


Fig. 17—Electron micrographs of 1-4% carbon steel quenched from 2200° F. and tempered 1 hr. in 
the range 450-600° F. (B.S. Lement, B. L. Averbach, and M. Cohen, Massachusetts Institute of Technology) 15,000 
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Fig. 18—Electron micrograph of grain boundary in 18/8 low-carbon stainless steel, showing carbide 
x 15,000 


precipitate and zone of chromium depletion. 
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Fig. 21—Electron micrograph of upper bainite Electron micrograph of upper bainite 
in a eutectoid carbon steel (partial trans- and fine pearlite in a eutectoid carbon steel 
formation at 850° F.) 15,000 (complete transformation at 950° F.) 15,000 
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Fig. 23—Electron micrograph of lower bainite ‘ig. 24—Thermionic emission micrograph taken at 
formed at 500° F. in a eutectoid carbon steel. 700° C. of pearlite in a 0-77°%, carbon Fe-C alloy. 
15,000 (R. D. Heidenreich, Bell Telephone Laboratories) 3500 
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Fig. 25—Thermionic emission micrographs showing the growth of a ferrite grain from austenite 
in a 0-22% carbon steel at 810° C. (R. D. Heidenreich, Bell Telephone Laboratories) x 850 


Fig. 27—Photomicrograph showing intersecting 
low-angle lineage boundaries in germanium 
single crystal. , (W. G. Pfann and L. C. Lovell, Bell 
Telephone Laboratories) x 450 





Fig. 26——Photomicrographs illustrating movement 
of low-angle crystal boundary under applied 
stress ; boundary first moves to the right and 
then to the left upon reversal of stress. (EF. R. 
Parker and J. Washburn, University of California) x 50 
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Fig. 28—Etch pits lying along a 


basal slip plane 


crystal. (J. 
Electric Company) 


Gilman, 


in a zinc 


General 


d) 1 hr. at 850° C, 
(b) 1 hr. at 650° C (e) 1 hr. at 950° ¢ 
(c) 1 hr. at 700° C, (f) L hr. at 1050° ¢ 
Fig. 29—Etch pits in a single crystal of 3}°, silicon ferrite bent round 
[211] axis and observed on (211) plane. (('. @. Dunn and W. R. Hibbard, 
750 


General Electric Company) 


(a) As bent 


Fig. 30—Photomicrographs 
illustrating spiral crystal 
growth in cadmium. (VW. /. 
Pollock and R. F. Mehl, Carnegie 
Institute of Technology) 75 





Fig. 31 — Photomicrograph of 
thermally etched (111) sur- 
face of copper single crystal. 
(M. Simnad, Carnegie Institute of 
Technology) «x 500 















Fig. 32 — Electron 
microscope sil- 
houettes showing 
stages in the 
growth of a tin 
whisker. (S. Elois 
Koonce and S. M. 
Arnold, Bell Telephon: 
Laboratories) ~ 2250 


Fig. 33 — Bending and 
recovery of tin 
whiskers. Top: 
Radius of curvature 
0:009 cm. Bottom ; 
Same whisker after 
removal of  con- 
Straining probe. (CC. 
Herring and J. K. Galt, 
Bell Telephone Labora- 


tories) 















Fig. 34—Typical permanent 
bend in tin whisker produced 
by stress in excess of elastic 
limit. (C. Herring and J. K. Galt, 
Bell Telephone Laboratories) 
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Fig. 35—Photomicrograph of plastic replica taken from surface of an Al-0-97°, Mg alloy 
during a fatigue test. Slip saturation and crack joining after 148,700 cycles at a stress of 
6250 1b./sq. in. are shown. (M. S. Hunter and W. G. Fricke, jun, Aluminum ¢ om pany of America) 
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Fig. 37—Cleavage surface of a single crystal of 3}°, 


ent silicon ferrite in which a high-velocity crack was 
ced : iad ‘ stopped and then started again, thus producing a 
stic Fig. 36 Cleavage surface of a single high density of cleavage steps. (J. R. Low, General 
: crystal of 3}% silicon ferrite which ‘Veetric C * 
talt, Electric Company) 150 


contains a low-angle twist boundary. 
(J. R. Low, General Electric Company) « 100 
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of austenite in a parallel array. This situation is shown 
in Fig. 21. This sample of eutectoid carbon steel was 
20% transformed at 850° F. (454° C.). In the latter 
stage of transformation, the remaining austenite 
decomposes to fine pearlite. The mixture of upper 
bainite and fine pearlite in a eutectoid carbon steel 
fully transformed at 950° F. (510° C.) is shown in 
Fig. 22. These observations on upper bainite tend 
to support the mechanism of formation suggested by 
Hultgren**; it may be considered to be very similar 
to that of the very earliest stage of formation of a 
pearlite colony. Another interesting finding is that 
lower bainite consists of ferrite needles containing 
within their boundaries very fine platelets of carbide 
that are generally oriented at an angle of about 55° 
to the needle axes, as shown in Fig. 23. This sample 
of eutectoid carbon steel was completely transformed 
to bainite at 500° F. (260° C.). This observation, of 
course, suggests that the carbide platelets are precipi- 
tated from ferrite supersaturated with carbon almost 
concurrently with the formation of the ferrite from 
austenite. Thus it appears that the mechanism of 
formation of lower bainite is similar in some respects 
to the formation of martensite. Looked at in this way, 
the mechanisms of formation of upper bainite and of 
lower bainite seem to form a logical transition between 
the mechanism of formation of pearlite and that of 


. martensite. 


This brief discussion of high-temperature solid-phase 
transformations brings to mind the perennial hope 
that in the not-too-distant future it may be possible 
to observe directly the progress of transformations, 
such as the pearlite and bainite reactions, rather than 
to be forced to rely on ‘ post-mortem ’ examination of 
quenched structures. Some years ago, Rathenau and 
Baas‘? of the Netherlands, and others, indicated the 
potentialities of thermionic emission microscopy for 
such studies. More recently, Heidenreich® of the Bell 
Telephone Laboratories has constructed an electro- 
static thermionic emission microscope and has used 
it to study the transformation of austenite to ferrite 
and pearlite in iron and iron-carbon alloys. Figure 24 
shows a thermionic emission image of pearlite taken 
at 1292° F. (700° C.) of a 0-77% C iron-carbon alloy. 
It illustrates the resolution and contrast that presently 
can be obtained by this technique. The series of 
emission micrographs of a 0-22% carbon steel at 
1490° F. (810° C.), shown in Fig. 25 demonstrates the 
use of this technique to follow the growth of a ferrite 
grain from austenite. It is reasonable to expect that 
in the coming years the technique will be developed 
to the point where image interpretation is easier and 
more certain, and that improvements will broaden 
the range of temperature over which it can be applied. 


A MECHANISM OF DIFFUSION 


Along with accelerated studies of diffusion, particu- 
larly self-diffusion, brought about by the availability 
of numerous radioactive isotopes, renewed interest is 
taken also in more accurate formulations and mech- 
anisms of diffusion. Particularly engaging is Nach- 
trieb’s so-called ‘relaxed vacancy’ model®! for 
diffusion. He notes that hitherto the value of the 
vacancy mechanism has been more conceptual than 
quantitative. Nachtrieb prefers to consider the 


NOVEMBER, 1955 


18 gall 
oi Sagan. Se 
RE Tee 
F P =| kg./sq.cm. 
vy rid as ieee) nw 
< | 
o 1078 
= 
c 
H=12,060 cal./mole 
Io? P = 8000 kg./sq.cm. 





——+— 





| | | | 
2:4 26 2:8 30 32 34 %$36 38 
\/T x10? 
Fig. 38—Effect of externally applied pressure on the 
rate of self-diffusion in sodium (N. H. Nachtrieb, 
Institute for the Study of Metals) 


creation and movement of a 12-14 atom region of 
disorder relaxed around a vacancy rather than the 
single vacancy alone; such a region would, he reasons, 
have an energy content about equal to that of a 
similar number of atoms in the liquid state. It is 
consistent with such a theory that the activation 
energy for self-diffusion in cubic metals is 16-5 times 
the latent heat of fusion, as may be seen in the 
following table: 


Latent Heat of Fusion, Activation Energy for Self-Diffusion, 


Metal cal./mole cal./mole 
Observed Calculated 
Au 3060 51,000 50,280 
Ag 2730 45,950 44,850 
47,140 ‘ 
Cu 3110 54/000 50,920 
27,900 EK 
Pb 1190 24.120 19,550 
Na 636 -2 10,450 10,450 
Co 3700 61,900 60,790 
Fe 3630 59,700 59,640 


Further support is given by observations of the 
dependence upon pressure of the rate of self-diffusion 
in sodium (Fig. 38). By taking into account the 
higher melting point associated with higher pressure, 
the rates of diffusion can be brought into agreement. 
Diffusion behaviour of silver in silver-base alloys 
wherein the solute lowers the melting point are in 
agreement with Nachtrieb’s ideas. A critical experi- 
ment would be the self-diffusion in silver-palladium 
alloys (rising liquidus), since here a lowering rather 
than an increase in the self-diffusion rate would be 
predicted for increased solute concentration. 


DISLOCATIONS 
Rapid progress has recently been made in the 
refinement and usefulness of basic dislocation theory 
through the imaginative and creative concepts of 
Cottrell,5? Frank,** and others in the United King- 
dom, and supported by Read,*4 Shockley,®* and others 
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Fig. 39—Cantilever beam specimen used in studies of 
the movement of low-angle crystal boundaries 
under applied stress (HZ. R. Parker and J. Washburn, 
University of California) 

in the U.S.A. Striking confirmation of the nature of 

dislocations has been provided by the agreement 

between a number of experimental observations and 
predictions based on dislocation theory. If the dis- 
location model for a low-angle crystal boundary is 
correct, it should be possible to cause such a boundary 
to move under the action of an applied stress. Parker 
and Washburn** have shown that such movements do 
indeed occur. A specimen containing a low-angle 
boundary was loaded as a cantilever beam, as shown 
in Fig. 39. The resulting boundary movement is 
illustrated in Fig. 26, in which reversal in motion 
produced by a reversal in stress is also shown. 

Systematic studies of the effect of low-angle bound- 

aries on the behaviour of crystals subjected to stress 

are providing further insight into the mechanisms of 
strain hardening and creep.” 

Another confirmation of the dislocation model has 
been provided by observations of the spacing of 
conical etch pits along low-angle boundaries. This 
approach is perhaps best illustrated by the work at 
Bell Telephone Laboratories on crystals of ger- 
manium.®® According to the dislocation model, the 
spacing of dislocations will depend on the mismatch 
in orientation at the boundary and can be calculated. 
Striking confirmation of this concept is shown in 
Fig. 27, wherein the spacings of etch pits along four 
intersecting boundaries are clearly different. The 
agreement between predicted dislocation spacing and 
observed etch pit spacing for various degrees of 
orientation difference is shown in Fig. 40. From such 
observations, it can be reasonably concluded that the 
centres of the etch pits mark the points of emergence 
of edge dislocations. 

Observation of the disposition of dislocation etch 
pits after various straining and annealing treatments 
is proving a fruitful approach to a better under- 
standing of the role of dislocations in slip, recovery, 
and recrystallization processes. Gilman®® recently 
observed an array of etch pits along a basal slip plane 
in a zine crystal (Fig. 28) that is believed to have 
resulted from the ‘ piling-up’ of dislocations at an 
obstacle during slip. 

Dunn and Hibbard® are investigating the nature 
of polygonization in 3}°% silicon ferrite by observa- 
tions of dislocation etch pits. The series of photo- 
micrographs shown in Fig. 29 illustrates the changes 
occurring during annealing of a bent single crystal. 
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The early changes shown are interpreted as reflecting 
glide and climb of edge dislocations, the changes 
presumably reducing strain energy. 


SPIRAL GROWTH OF CRYSTALS 

Since the role of screw dislocations in the mechanism 
of crystal growth was first proposed by Frank, 
observations of growth spirals as predicted by the 
theory have been made on a wide variety of crystal 
surfaces. Recently Pollock and Mehl* have observed 
spiral formations during the growth of cadmium 
crystals from vapour at controlled supersaturations 
in a special growth cell. The observed spirals, visible 
at x 75, are grown on a cadmium substrate, formed 
by subliming cadmium on a cold surface; spiral growth 
occurs, apparently, only when the condensed substrate 
is melted and frozen. The spirals, which have step 
heights between 300 and 1500A., as determined by 
interferometric measurements, form at ridge bound- 
aries, i.e. boundaries separating two regions that differ 
slightly in orientation as evidenced by a small angle 
between their basal surfaces. Several stages in the 
formation of a spiral are shown in Fig. 30. 

An interesting pattern that may be in some way 
related to the crystal growth mechanism was recently 
observed in a copper crystal by Simnad®* of the 
Carnegie Institute of Technology (Fig. 31). The 
pattern was developed on the (111) face of a single 
crystal of copper annealed at 1832° F. (1000° C.) for 
12 hr. in argon. No similar pattern was observed on 
the (100) or (110) faces. 

FILAMENTARY CRYSTALS 

Considerable interest has centred recently in various 
forms of filamentary crystalline growth, frequently 
called ‘ whiskers,’ which were first observed as a 
spontaneous growth on tin-, zinc-, and cadmium- 
plated components in commercial telephone equip- 
ment.®* These filaments were found to be single 
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Fig. 40—Comparison of computed dislocation spacings 
and observed etch-pit spacings at low-angle crystal 
boundaries as a function of differences in orientation 
(F. L. Vogel, Bell Telephone Laboratories) 
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crystals of the metal, generally about 2y in diameter, 
although a considerable range of sizes has been 
observed.*4 The spontaneous linear growth rate is 
of the order of 1 mm. per year, but it has been found 
that application of pressure will cause a growth of 
1 or 2 mm. in length in a few hours,® for crystals of 
this type grow from the base,** as shown in Fig. 32. 
Whiskers of iron, silicon, and copper formed by 
condensation from a vapour phase by deposition at 
the tip, rather than from the base.*? Filamentary 
crystals of oxides and sulphides have also been grown 
under special conditions. ** 

Regardless of how they are grown, all these fila- 
mentary crystals have unique mechanical properties.®® 
While under microscopic observation they have been 
strained elastically as much as 14% (Fig. 33), indicat- 
ing an elastic limit 100 times as great as that of large 
single crystals. Similarly, their creep rate at loads 
exceeding the yield strength of the bulk metal has 
been found to be many times smaller than the usual 
value. Bent beyond their elastic limit they develop 
a sharp bend, as shown in Fig. 34. 

Iron whiskers of approx. 0-001 in. dia. have exhi- 
bited a yield strength of 270,000 lb./sq. in. for the 
outer surface (in bending) and a yield strength of 
85,000 lb./sq. in. in microscopic tensile tests.*° These 
values are to be compared with yield strength of 
4000 lb./sq. in. for conventional single crystals of 
iron. The a —y transformation temperature is 
reported to be about 2012° F. (1100°C.), which is 
nearly 360° F. (200°C.) above that for the bulk 
metal,*t 

The unusual strength of the filamentary crystals, 
approaching the theoretical value for a perfect crystal, 
is considered to indicate that they are nearly free of 
dislocations, and it has been suggested that the slender 


crystals might serve as seeds upon which to grow 
exceedingly strong macroscopic filaments. 

METALLOGRAPHIC ASPECTS OF FATIGUE 

BEHAVIOUR 

A novel approach to the problem of the fundamental 
aspects of fatigue behaviour of the light-metal alloys 
is being used by the Aluminum Research Laboratories 
of the Aluminum Company of America utilizing 
metallographic techniques.** The testing of fatigue 
specimens which have been completely chemically 
polished is interrupted periodically in order to obtain 
plastic replicas of the surface. These replicas then 
provide a permanent record of the deformations 
occurring in particular areas throughout the test. 
They may be examined at all magnifications with the 
optical microscope and, using further techniques, with 
the electron microscope. All stages of fatigue deforma- 
tion are observable with the replica technique from 
the innocuous stages involving slip to the more 
insidious stages involving cracking (Fig. 35). The 
formation and propagation of very small fatigue 
cracks has been observed and studied, especially as 
to how they relate to such microstructural features as 
constituents and grain boundaries. 

Success has been achieved in relating the number 
of cycles at which each new fatigue-induced stage is 
entered to the number of cycles needed to cause 
failure. Points representing the first appearance of 
slip in the specimen, the first cracking, etc., fall on 
smooth curves having the same general shape as the 
conventional S/N curve denoting failure, as shown in 
Fig. 41. Quantitative measurements of the amount 
of deformation present at any time in the tests are 
obtained from the replicas using a grid intercept 
method. The influence of the factors of stress, 
number of cycles, grain size, and alloy content on 
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Fig. 41—Progression of fatigue damage in an Al-0.97% Mg alloy as revealed by microscopic examination 
of plastic replicas of specimen surface at various stages of cycling (M.S. Hunter and W. G. Fricke, jun., 


Aluminum Company of America) 
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Fig. 42—Effect of sulphur content on the friction force 
developed during machining at 202 surface ft./min. 
in a constant-pressure lathe; 0.14% C, 0-79% Mn 
alloy 


the amount of deformation is being evaluated further 
by the metallographic method. 

The applicability of the technique to ferrous and 
other metals is being developed. 


MACHINABILITY 


A great deal of attention is being focused on the 
fundamental factors influencing the ease with which 
a metal can be cut, i.e. machinability, especially from 
the point of view of isolating the basic material 
characteristics responsible for good machinability. 
Studies of force relationships and chip formation 
during machining, together with theoretical analyses 
developed by Piispanen,’* Merchant,’4 Shaw,7> and 
others constitute one important line of attack. As 
an example, these factors were studied in a series of 
three low-carbon steels containing sulphur in amounts 
varying from 0-025% to 0-250%, the sulphur 
additions being made to successive ingots of an 
individual heat.76 It was found that the superior 
machinability of the higher-sulphur steels accom- 
panies decreased friction between chip and tool and 
reduction in shear strain during chip formation. The 
decrease in friction and shear strain reduce the work 
required for removal of a unit volume of metal during 
cutting. The effect of increased sulphur content on 
friction force for various feeds is shown in Fig. 42. 

Chao and Trigger?’ have contributed greatly in the 
direction of the relation between chip formation and 
tool life through their theoretical considerations of 
temperature distribution in the cutting tool. They 
have pointed out that the tendency for ‘ welding,’ and 
even diffusion, to occur at the tool/chip interface may 
play an important role in tool life. 


DEFORMATION AND BRITTLE FRACTURE 


Few, if any, subjects in the physical metallurgy of 
iron and steel have been accorded in America the 
overall research man-hours and effort that have been 
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given to the problem of brittle fracture. The modern 
viewpoint emphasizing the actual local state of stress 
in considering flow in metals had been already fruitful; 
nevertheless, the investigations were accelerated and 
increased greatly at the time of the numerous fractures 
in ship hulls, at that time inexplicable. 

These investigations have quite naturally fallen into 
two categories: 

(i) The development of tests which should evaluate 
the suitability of a steel, usually as welded, for 
designated structural purposes 

(ii) The theoretical and experimental inquiries having 
as objectives greater understanding of the mechanism 
of brittle fracture and the factors and influences which 
bring it about. 


These two major types of approach were, quite 
clearly, mutually helpful, and have adduced tre- 
mendous advances in the knowledge of deformation 
and fracture in metals. Generally speaking, the search 
for mechanisms which deal with actual individual 
grain behaviours have been more rewarding in 
America than the statistical or continuum theories. 

The thinking has been greatly influenced by the 
gamut of splendid observations by Robertson,’® 
Williams,’9 and Pellini, Puzak, et al.8° It has seemed 
obligatory to weigh heavily the good correlation of 
transition temperatures of the ship plates of known 
service performance as determined for an energy level 
of 15 ft.lb., Charpy V-notch, and as determined by 
the Pellini crack-starter, dropweight test, and the 
crack-starter, explosion test. The latter confirm the 
findings illustrated in the following table: 

Average 15-ft.Ib. 


Transition 
Temperature 


Plate Service 


Service Temperature 
Performance 


Charpy V-notch Energy, 
ft.lb. 


3-2-11-7 (7:6 av.) 90° F. (32° C.) Fracture started 
3-5-19-0 (9-3 av.) 68° F. (20° C.) Fracture through 
9-2-51-4 (19-2 av.) 39°F. (4°C.) Fracture stopped 


Some of the generally acceptable conclusions are 
as follows: 

(1) Sharp notches, such as cracks, freshly started 
in some cases, are an appropriate fundamental con- 
dition for experimentation. 


Misadventure in building structures, particularly in 
welding, may produce the equivalent of sharp notches 
or cracks; hence special interest centres in the ability 
of the metal in an element of structure to resist the 
advancement of a crack, under certain definable con- 
ditions of temperature and stress. 


(2) Transition temperature, with a precisely desig- 
nated criterion, is a useful item of information. In 
practical testing, the degree of deformation prior to 
rupture, inherent in the criterion of transition tem- 
perature, should reflect the conditions of intended 
service. 


The amount of deformation selected as the criterion 
in the variety of tests has covered the range from 
almost none to a very great deal, and has been observed 
through reduction in area, fracture texture, and energy 
absorption. This determining criterion of transition 
temperature (be it a limiting deformation, an energy 
value, or a fracture texture) should be in keeping with 
the condition of loading which the structure is intended 
to meet. If, through a very little flow, stress ahead of 
a notch is substantially reduced, as in the case of high 
residual stress, then only a little plasticity under notch 
conditions is needed to prevent crack propagation. If 
this stress persists even though considerable flow 
occurs, then a more plastic material (lower transition 
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temperature, generally) will be required; i.e. one which, 

at service temperature, cracks only with the accom- 

paniment of considerable deformation. 

(3) The rate of external loading is not of as great 
influence, especially when the notch is sharp, as was 
once supposed. 

It is reasoned that the actual rate of increase in 
stress and hence in any resulting strain is, in any 
event, very high just ahead of the crack. 

(4) The test employed should as nearly as possible 
approach in temperature and notch condition those 
contemplated in the proposed service which the 
material is designed to meet. 

To some extent, a temperature difference may com- 
pensate for a change in notch (triaxiality of tension) 
or rate of loading, but such extrapolations should be 
used with great caution. 

(5) By way of a mechanism of brittle fracture, the 
following is envisioned: 

Few indeed are the metals, even in the state of 
stress just ahead of a crack, which rupture with no 
plastic deformation whatsoever, prior to the break. 
In steel, even in the so-called ‘ nil-ductility ’ tempera- 
ture range, some few grains at least are so oriented 
as to incur slip (deformation), and in so doing, pass 
on the load to other grains unable to flow. Some of 
these grains, under high disruptive stress, crack well 
ahead of the principal or gross crack (Fig. 43). Here- 
upon, some grains again flow, but some rupture and 
in so doing they connect up smaller cracks and 
ultimately join with the principal crack. A little lower 
temperature would (1) decrease the total of plastic 
deformation and hence (2) decrease the energy 
involved in rupture, and (3) increase the total of 
purely cleavage grain ruptures. A slightly higher 
temperature would (1) increase the proportion of 
grains undergoing slip, and also the total deformation, 
and hence (2) the energy involved, and (3) decrease 
the proportion of ‘ cleavage’ rupture in grains. At 
some point of decreasing ratio as between, broadly, 
‘brittle ’ and ‘ ductile,’ the metal would just be able 
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Fig. 43—Sketch illustrating advancing cleavage crack, 
showing cracking ahead of main crack and various 
ways in which plastic flow may accompany an 
essentially brittle fracture 
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Fig. 44—Internal friction v. temperature for a 0-20% C 
steel: (a) annealed at 975° K. for 40 hr., 10-° mm. 
Hg; (6) pickled in HCI; (c) re-annealed at 775° K. 
for 4 hr., 5 x 10-°° mm. Hg (L. C. Chang and M. 
Gensamer, Columbia University) 


to halt a crack, or fail to propagate one. The degree 
of plasticity required for this manifestation depends 
upon the nature of the loading in respect to its 
maintenance of stress at the crack. Or, as stated by 
Irwin,®! spontaneous crack propagation will not occur 
until the strain energy released by an incremental 
extension of the crack exceeds the work absorbed by 
the material as a result of this extension. 

Supporting the endeavours to find criteria of the 
notch resistance of steels are a number of investiga- 
tions dealing with microscopic-scale phenomena, such 
as the work of Dr. J. R. Low. That even the most 
brittle fractures in metals are initiated by plastic 
flow now appears to be well established by these 
approaches. Since plastic flow by slip involves the 
generation and motion of dislocations in crystalline 
materials, a number of models of processes by which 
dislocation motion might lead to microscopic and 
sub-microscopic cracks in metals have been investi- 
gated, mainly theoretically. 

It now appears probable that once any slip has 
occurred, a number of small cracks might be generated. 
Whether or not the crystal or the aggregate of crystals 
fails brittlely before any further flow can take place 
then depends on the factors governing the growth of 
these sub-microscopic cracks. Low, who so effectively 
correlated grain size with fracture stress,** has been 
studying the surfaces of cleavage cracks in single 
crystals and polycrystalline aggregates to learn more 
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about this crack propagation process.®* He finds that 
these cleavages are never perfect and that the cleavage 
surface always contains steps. These steps represent 
lines of overlap of the crack travelling on two slightly 
different levels and further tend to slow the crack 
propagation because of the energy absorbed in plastic 
deformation of the material in the region of overlap, 
which must be torn apart. Cleavage steps, according 
to Low, may arise in a number of ways: 


(1) They may originate at dislocations already 
present in the crystal 

(2) They may originate at low-angle boundaries, as 
shown in Fig. 36, which is the cleavage surface of a 
single crystal of 3}% silicon ferrite that contains a 
low-angle twist boundary (angle of twist: 1° or 2°) 

(3) If plastic flow can occur at the tip of the crack, 
a high density of such steps is produced, as shown in 
Fig. 37. Here, a high-velocity crack was stopped and 
then immediately started again at liquid nitrogen 
temperature; all along the crack front when it started 
again there is a high density of cleavage steps. This 
is interpreted as follows: so long as the crack was 
moving rapidly, there was not time for flow to occur 
ahead of the crack. Once stopped, however, flow could 
occur in starting the crack again, and this plastic flow, 
just ahead of the crack, caused imperfections which 
lead to the high density of cleavage steps shown. 


At Columbia University, Dr. Max Gensamer has 
been studying the mechanical behaviour of iron and 
steel at low temperatures, directed toward under- 
standing low-temperature brittleness. At tempera- 
tures in the neighbourhood of the boiling point of 
nitrogen at atmospheric pressure, the stress/strain 
curve of low-carbon steel in simple tension is quite 


temperature-dependent, the stress required at a given 
strain rising as the temperature is lowered, with a 
change in shape of the stress/strain curve. This is a 
temperature range in which carbon and nitrogen 
diffuse very slowly, so that if the diffusion of an 
interstitial impurity is involved in strain hardening, 
it would seem that the interstitial impurity involved 
must be hydrogen. To demonstrate that hydrogen 
does diffuse rapidly at such low temperatures he has 
studied the variation with temperature of internal 
friction and has reported® an internal friction peak 
at about 120° K. in steel charged with hydrogen 
(Fig. 44). He has since modified his apparatus to 
work at very low temperatures, using liquid helium, 
and has found®® another and more pronounced peak 
at about 50° K. This lower-temperature peak may 
be associated with the strain-induced diffusion of 
hydrogen in the iron lattice, while the higher-tempera- 
ture peak may possibly be associated with the move- 
ment of dislocations. The possibility of interstitial 
diffusion at these temperatures suggests observable 
ageing phenomena analogous to those attributable 
to carbon and nitrogen in steel at and above room 
temperature. 
ZONE MELTING 

We should be very remiss were we to omit from our 
discussion of trends the much publicized subject of 
zone melting for purification. It is applicable to any 
solvent-solute system in which an appreciable dif- 
ference in solubility exists as between the molten and 
solid states. The principle is not wholly new. In 








(a) IMPURE GERMANIUM INGOT 





APPARENT DIRECTION 
OF TRAVEL OF IMPURITIES 
AND MOLTEN ZONES ~, 

\ 


MOLTEN 
/” TONE 








DIRECTION OF 
INGOT TRAVEL 


~ 


N 


‘ 4 
~~~ IMPURITIES--~ 


\ 7 
/ 
\ ' * 


~>=~-|NDUCTION HEATERS--~~ 


(b) START OF ZONE REFINING 











IMPURE 
GERMANIUM 















wea aae 
ULTRA-PURE 
GERMANIUM 


(c) ULTRA-PURE GERMANIUM EMERGES 
Fig. 45—Schematic illustration of zone-refining process (W. G. Pfann, Bell Telephone Laboratories) 
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Fig. 46—Solute distribution for six successive zone 
passes after normal freezing. Distribution coeffi- 
cient k=0-1; zone length L=1; ingot length 
T = 10; C,, denotes initial concentration (W. G. 
Pfann, Bell Telephone Laboratories) 





making a single crystal by slowly withdrawing a solid 
bar from a melt a degree of the effect has resulted; 
even in ingot freezing, wherein the centre segregation 
reflects a considerable rejection, the working of the 
principle was before us. Indeed, an old process of 
desilvering lead practised the principle by mechanically 
transferring the impoverished solid crystals in one 
direction and the enriched liquid in the other, through 
a series of crucibles which merely fluctuated, each over 
its own small range of temperature. The present 
embodiment, illustrated schematically in Fig. 45, was 
developed by W. G. Pfann at the Bell Telephone 
Laboratories.°* In the purification of germanium the 
impurities such as phosphorus, antimony, and arsenic 
are thought to be reduced to 1 atom in 10,000,000,000. 
No independent analytical means are available for 
such concentration, and the figures are derived by 
extrapolation from certain behaviours. The full effect 
of zone melting is manifest only when a series of 
many melted zones are passed along the bar in a 
refractory trough. 

The concentration of impurity at any distance 
along the zone-melted bar, after successive passes, is 
shown in Fig. 46. 
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Fig. 48—Schematic diagram of Knudsen cell (L. C. 
McCabe, Carnegie Institute of Technology) 


To overcome the limitation of batch processes a 
new extension of the zone-melting principle has been 
developed®? in which the raw, impure material is 
continuously introduced at a mid-point and from 
which purified materia] is continuously withdrawn, as 
shown schematically in Fig. 47. The rejective influence 
is supplied by external moving heaters and since the 
principle of reflux is embodied in the method, this 
so-called zone-void method is really a counterpart, in 
crystallization, of continuous fractional distillation. 


THERMODYNAMICS IN METALS 

It is generally recognized that a knowledge of the 
thermodynamic activity of the components of alloys 
and carbides, and also of slags and mattes, is essential 
to an understanding of the metallurgical reactions 
involving them. Existing methods for measuring 
activities, such as gaseous equilibria, distribution, or 
electromotive force studies, fail in many cases to 
supply the necessary data. The Knudsen cell is now 
being used successfully by Dr. Law McCabe of Carnegie 
Institute of Technology to measure vapour pressures, 
from which activities can readily be calculated.** The 
simplified, schematic diagram of the Knudsen cell in 
Fig. 48 shows that it is simply a cylinder with a small 
knife-edged orifice in the top. The solid or liquid to 

































































sin: | 2. ee, 
eS ee ee ee ee 
[ | aa ay oe ee Re Tae 
O:8 | + 4 — eae | 8 
| | Pe 
| | | Lf“ | 
oe a A A, ge a 
O-b | | | LZ | 
S| 388 
147 | 
z > on nw 
= | » ~Raoult'’s law 
= 0-4 + {2 { cad 
U | 7 | | 
<q ae } | 
i, an ss ies ates 
of | 
oa} 9 | oF 
| a | | | 
H+ +— | saline ieeieil 
fT | | | | 
LY 
ie) 0-2 0-4 O'b 08 oO 


MOLE FRACTION (Cr) 


Fig. 47—Schematic diagram of continuous zone refining Fig. 49—Activity of Cr in Fe-Cr alloys at 1200° C. (L .C. 


(W. @. Pfann, Bell Telephone Laboratories) 
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Fig. 50—Activity curves at 900°C. for Ni-Au alloys 
(L. L. Seigle, M. Cohen, and B. L. Averbach, Massa- 
chusetts Institute of Technology) 


be studied is placed inside the cell, heated in a vacuum 
to induce its volatilization. From the amount of the 
component which escapes through the orifice in unit 
time, the pressure can be calculated from the Knudsen 
equation, which is derived in a straightforward manner 
from the Kinetic Theory of Gases. The amount of 
material effusing from the cell has usually been deter- 
mined by the weight loss of the cell or by radioactive 
tracer techniques. The latter method allows pressures 
as low as 10-* atmospheres to be measured with ease, 
tremendously extending the versatility of the Knudsen 
cell. 

The thermodynamic activity of a component in a 
solution is equal to its pressure above the solution 
divided by the vapour pressure of the pure substance. 
Using this simple ratio, the activity of the following 
components has been determined: Cr in Fe—Cr; Ag in 
Au—Ag; Mn in Mn,C,; Mn in (Mn,Fe),C,; SiO, in liquid 
CaO-SiO,; Cu in liquid Cu,§; S in FeS (in equilibrium 
with Fe). Figure 49 shows the activity of chromium 
as a function of its concentration in iron—-chromium 
alloys®® at 2192° F. (1200° C.). 

Another approach being used in obtaining quantita- 
tive thermodynamic data for metals and alloys 
involves the use of a high-temperature galvanic cell. 
Cohen and co-workers® have used the technique in 
studying the thermodynamic properties of gold- 
nickel, aluminium-zinc, and aluminium-silver alloys. 
Activity curves at 1652° F. (900° C.) for gold—nickel 
alloys as determined by Seigle, Cohen, and Averbach 
are shown in Fig. 50, wherein large positive deviations 
from Raoult’s law are apparent. Darken*' has derived 
the following equation which connects the activity 
and the diffusion rates in a given system: 
élna, 

" an, 
where D = interdiffusion coefficient, N, and NV, = 
mole fractions of components 1 and 2, D, and D, 


D = (N,D, a: N2D,) 
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= self-diffusion coefficients of components 1 and 2, 
a, = thermodynamic activity of component 1. 

Inasmuch as the thermodynamic factor (0lna,)/ 
(elnN,) is now known for the gold-nickel system as 
a function of composition (Fig. 50) it becomes possible 
to test the Darken equation through measurements 
of the interdiffusion coefficient and the self-diffusion 
coefficients* as a function of composition. This has 
now been done, with the satisfying agreement shown 
in Fig. 51.9? The ‘calculated’ curve was obtained 
from the right-hand side of the Darken equation, 
whereas the ‘ observed ’ curve was determined experi- 
mentally by the Matano method. 

It will be noted that there is a minimum in the 
diffusion rate corresponding to compositions at the 
top of the miscibility gap. In this region, the thermo- 
dynamic activity is insensitive to composition, and 
the above thermodynamic factor is quite low. Thus, 
the minimum diffusion rate results, not from low 
atomic mobility, but from a low driving force. 

Calorimetry provides still another method of obtain- 
ing thermodynamic data. Dr. O. J. Kleppa of the 
Institute for the Study of Metals is engaged in a 
systematic calorimetric study of binary alloys among 
the group B metals using a highly refined calorimeter ** 
particularly suited for the study of heats of mixing 
and heats of solution in alloy systems. A cross- 
section of the calorimeter is shown in Fig. 52. Kleppa 
estimates that an accuracy of +1% in actual 





* The self-diffusion coefficients were measured by 
means of the radioactive tracers Au!*® and Ni®. 
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Fig. 51—Calculated and observed interdiffusion coeffi- 
cients in Ni-Au alloys at 900° C. (J. EZ. Reynolds and 
M. Cohen, Massachusetts Institute of Technology) 
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experimental observations can be achieved with his 
apparatus. 
PHYSICAL CHEMISTRY OF STEELMAKING 


Studies on the physical chemistry of iron and steel- 
making are widening the paths to more efficient and 
more intelligent operation of metallurgical processes. 
Of the investigators in this field, the outstanding and 
voluminous work of Professor John Chipman and his 
successive associates deserves special attention. Pro- 
fessor Chipman’s contributions have brought not only 
enlightenment and understanding of the basic chemical 
and physical relationships involved in winning iron 
from its ores and the refinement of this iron into steel, 
but also have pointed the way toward further 
improvement in the technology of iron and steel- 
making. 

It is reasonable to expect that metallurgists and 
physical chemists will continue for many years to 
refer to Professor Chipman’s work on the free energy 
of iron oxides,** the application of thermodynamics 
to the deoxidation of liquid steel,®> the equilibria and 
kinetics of slag—metal reactions involving oxygen, ** 
sulphur,®? phosphorus,** and manganese.*® More 
recently, his work! on hydrogen in liquid steel and 
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slags promises to reveal the factors which control the 
behaviour of this most elusive element, and I am 
happy to present here a resumé contained in a private 
communication from him. 

When a piece of steel containing hydrogen is cooled 
from the rolling temperature, the hydrogen solubility 
and rate of diffusion both decrease. At low rates of 
diffusion, the hydrogen is effectively trapped inside 
the steel in amounts which exceed its solubility in the 
solid metal. A large effective pressure can be developed 
which may be reflected in cracks or flakes, as suggested 
by Lukemeyer-Hasse and Schenck. Zapffe and 
Sims!°? proposed that hydrogen collects in the sub- 
structure as a means of accounting for the fact that 
hydrogen decreases ductility very markedly without 
having a corresponding effect on the hardness of the 
steel. Calculations showing enormous hydrogen pres- 
sures at room temperature require a slight modifica- 
tion. The higher pressures calculated are based on 
the ideal gas equation for hydrogen, which is not 
strictly valid at these extreme pressures. At room 
temperature and very high pressures, it is known that 
the actual pressure is substantially less than the 
fugacity or thermodynamic pressure which is derived 
from the calculations. Using the best estimate of the 
relation between fugacity and pressure for hydrogen 
at room temperature, it was shown by Carney, Chip- 
man, and Grant!®’ that a steel containing 5 p.p.m. 
of hydrogen at room temperature could develop a 
hydrogen pressure of 12,000 atm. 

When an ordinary sample is taken from the steel 
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bath, a substantial portion of its hydrogen content 
is lost. For this reason it is necessary that special 
methods be developed for securing samples of hydrogen 
for analysis. The sampling device which Chipman 
and associates have used successfully is a modified 
Taylor sampler illustrated in Fig. 53, which is taken 
from a paper by Epstein, Walsh, and King.’ In 
operation a well-slagged spoon is used to remove a 
sample of metal from the furnace. The metal is killed 
in the spoon with about 0-2% aluminium, and the 
sample is sucked up into the copper mould where it 
solidifies very rapidly. The sampler is then supported 
on a tripod, and the sample is knocked out by means 
of the steel punch into a pail full of water. The time 
required for sampling and quenching the sample into 
cold water is less than 5 sec. After about 10 sec. 
agitation in the water quench, the sample is placed 
in liquid nitrogen and is maintained at this tempera- 
ture until time for analysis. Experience in the develop- 
ment of this sampling device has pointed to one or 
two critical requirements which must be observed. 
The metal must be quenched very drastically from 
the liquid state into the gamma region to prevent the 
rapid diffusion which occurs in delta iron. It is then 
cooled to liquid-nitrogen temperature as rapidly as 
possible, removed briefly to hammer off the ring of 
steel that solidified on the outside of the sampler, 
and returned to liquid nitrogen for storage. 

The determination of hydrogen in a steel sample by 
solution in liquid tin and analysis of the evolved gas 
has become a well established method. A recent 
addition to this method introduced by Shields, Chip- 
man, and Grant!®5 is the use of instrumental means 
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for determining the amount and composition of the 
evolved gas. The gas is collected at a pressure of 
1-2 mm. Hg and is introduced into the thermal 
conductivity cell or ‘ hot-wire gauge ’ shown in Fig. 54. 
The fine platinum filament is heated by a current 
whose strength is adjusted to give a predetermined 
resistance of the wire—that is, to a fixed wire tem- 
perature. The current required to bring the wire up 
to this temperature depends upon the thermal con- 
ductivity of the gas, which is highly sensitive to its 
hydrogen content. Moreover, the two impurity gases 
which are present, carbon monoxide and nitrogen, 
have almost identical thermal conductivities so that 
it is unnecessary to know the relative proportions of 
these two gases. The hydrogen content of the sample 
is thus determined by the pressure, the reading on 
the burette, and the ammeter. 

It has become clear that most of the hydrogen 
which is found in steel came from water vapour rather 
than directly from gaseous hydrogen. The open- 
hearth flame normally contains a very substantial 
proportion of water vapour, formed from the com- 
bustion of hydrocarbon fuels or resulting from steam 
used in atomizing the fuel oil. Burnt lime normally 
contains considerable quantities of water unless it is 
very freshly burned or protected from the atmosphere 
between the time of burning and time of addition to 
the furnace. Water vapour is normally present also 
in the atmosphere, particularly in summer. 

Water vapour is able to convey not only hydrogen 
but also oxygen to liquid steel, and the chemical 
balance between the two requires that steels which 
are low in oxygen can absorb larger quantities of 
hydrogen. Equilibrium conditions in this process have 
been studied, and hence the limiting quantities of 
hydrogen which can be absorbed from water vapour 
are known and can be expressed in terms of the oxygen 
content of the liquid metal. The relation is shown 
in Fig. 55. From this figure it is evident that even 
under conditions of low relative humidity liquid steel 
is capable of absorbing a substantial quantity of 
hydrogen if its oxygen content is low. Thus steel 
which has been deoxidized is particularly susceptible 
to hydrogen absorption and must be guarded against 
the access of water vapour. 
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CONCLUSION 


Finally, another trend, one which I note here with 
special pleasure and gratitude, is the better acquain- 
tance of British and American metallurgists, and the 
growing volume of exchange of research experiences, 
even in the early stages. You and your colleagues in 
the United Kingdom have received us most warmly 
on our visits which, as it happens, have been some- 
what more numerous than yours to us. I sincerely 
hope you feel that you are more than welcome in our 
laboratories and meetings, for indeed you are. 


Acknowledgments 


This summary of the trends of some metallurgical 
researches in the many fields being investigated in 
America today could clearly be made only with the 
generous aid of many whose names appear in the 
references. To them I express my sincere thanks and 
my appreciation also of their sympathetic interest in 
making this review timely and informative. Special 
thanks are due to my associate, Dr. W. T. Lankford, 
jun. 


References 


1. E. C. BAIN and E. S. DAVENPORT: T'rans. Amer. Inst. 
Min. Met. Eng., 1930, vol. 90, p. 117. 

2. E. S. DAVENPORT: T'rans. Amer. Soc. Metals, 1939, 
vol. 27, p. 837. 

8. G. M. Rosertson: Trans. Amer. Inst. Min. Met. 
Eng., 1930, vol. 90, p. 150. 

4. (a) ‘* Atlas of Isothermal Transformation Diagrams ’’: 
1951, Pittsburgh, United States Steel Corporation. 

(b) ‘‘ Supplement to Atlas of Isothermal Transforma- 
tion Diagrams ”’: 1953, Pittsburgh, United States 
Steel Corporation. 

B. L. AVERBACH and M. CoHEN: Trans. Amer. Soc. 
Metals, 1949, vol. 41, p. 1024. 

6. (a) ‘‘ Fracturing of Metals’: 1948, Cleveland, 

American Society for Metals. 
(b) ** Cold Working of Metals’: 1949, Cleveland, 
A.S.M. 
(c) ‘‘ Thermodynamics in Physical Metallurgy ’’: 
1950, Cleveland, A.S.M. 
(d) ‘*‘ Atom Movements ”’: 1951, Cleveland, A.S.M. 
(e) ‘‘ Metal Interfaces ’’: 1952, Cleveland, A.S.M. 
(f) ‘‘ Modern Research Techniques in Physical Metal- 
lurgy ”’: 1953, Cleveland, A.S.M. 
(g) ‘* Relation of Properties to Microstructure ”’: 
1954, Cleveland, A.S.M. 
(hk) ‘‘ Impurities and Imperfections ’’: 1955, Cleve- 
land, A.S.M. 
(i) ‘* Theory of Alloy Phases ”’ (to be published). 
7. (a) H. J. GotpscuminptT: J. Iron Steel Inst., 1948, vol. 
160, p. 345. 
(b) H. J. GotpscumiptT: Ibid., 1952, vol. 170, p. 189. 
(c) H. J. GoLDScHMIDT: ‘‘ Symposium on High Tem- 
perature Steels and Alloys for Gas Turbines,”’ Spec. 
Rep. No. 48, pp. 249-257: 1951, London, The Iron 
and Steel Institute. 
. (a) H. H. Lester and R. H. ABoRN: Army Ordnance, 
1925-1926, vol. 6, pp. 120, 200, 283, 364. 
(b) C. S. BARRETT: ‘‘ Structure of Metals,’’ Chapter 
XIV: 1952, New York, McGraw-Hill Book Co., Inc. 
9. J. T. NorRTON: Private communication. 

10. J. T. Norton: Private communication. 

11. J. T. Norton: Private communication. 

12. H. C. Gatos and AHMED AZZAM: Trans. Amer. Inst. 
Min. Met. Eng., 1952, vol. 194, p. 407. 

A. D. Kurtz, B. L. AVERBACH, and M. COHEN: 
‘ Self-Diffusion of Gold in Gold—Nickel Alloys,”’ 
submitted to Amer. Inst. Min. Met. Eng. for 
publication. 

. R. S. RunpDiLeE, C. G. SHULL, and E. Q. WOLLAN: 

Acta Crystallographica, 1952, vol. 5, p. 22. 


or 


v2) 


1 


- 


1 


— 


NOVEMBER, 1955 


15. 


16. 


Ms 


18. 
19. 
20. 
21. 
23. 


bo 
or 


39. 
40. 
42, 


« 
Oe 


44, 


45. 
46. 


48. 
49. 


50. 


C. G. SHULL and S. SIEGEL: Phys. Rev., 1949, vol. 75, 
p. 1008. 

C. G. SHULL, E. O. WOoLLAN, and W. C. KoEHLER: 
Ibid., 1951, vol. 84, p. 912. 

‘* Symposium on Fluorescent X-ray Spectrographic 
Analysis,” Spec. Tech. Publ. No. 157: 1954, 
a American Society for Testing Mat- 
erials. 

L. S. Birks and E. J. Brooks: Analy. Chem., 1955, 
vol. 27, No. 3, p. 437. 

C. S. BARRETT and O. R. Trautz: Trans. Amer. Inst. 
Min. Met. E'ng., 1948, vol. 175, p. 579. 

C. S. BARRETT: American Mineralogist, 1948, vol. 33, 
pp. 749. 

C. S. BARRETT: Private communication. 

}. S. BARRETT: Private communication. 

C. S. BARRETT: “‘ Metallographic Study of Sodium, 
Potassium, Rubidium, and Cesium after Cooling to 
1-2° K.,”’ submitted for publication to J. Inst. Met. 


. J. C. FISHER, J. H. HOLLOMON, and D. TURNBULL: 


Trans. Amer. Inst. Min. Met. Eng., 1949, vol. 185, 
p. 691. 


. 


. M. CoHEN, E. S. MAcHIIN, and V. G. PARANJPE: 


‘* Thermodynamics of the Martensitic Transforma- 
tion’ in ‘“*‘ Thermodynamics and Physical Metal- 
lurgy ”’: 1950, Cleveland, A.S.M. 


. S. A. KULIN and M. CoHEn: T'rans. Amer. Inst. Min. 


Met. Eng., 1950, vol. 188, pp. 1139-1143. 


. (a) K. E. Cecu and J. H. Hottomon: Jbid., 1953, 


vol. 197, p. 685. 
(b) J. C. FisHer: Acta Met., 1953, vol. 1, p. 32. 


. C. H. Sur, B. L. AVERBACH, and M. CoHEN: J. Met., 


1955, Jan., vol. 7, p. 183. 

KE. S. MAcHLIN and M. CoHEN: Trans. Amer. Inst 
Min. Met. Eng., 1952, vol. 194, p. 489. 

J. R. PATEL and M. COHEN: Acta Met., 1953, vol. 1, 
p. 531. 


. A. H. GEISLER: Jbid., 1953, vol. 1, p. 260. 
. M.S. WECHSLER, D.S. LIEBERMAN, and T. A. READ: 


Trans. Amer. Inst. Min. Met. Eng., 1953, vol. 197, 
pp. 1503-1515. 


3. E. C. BAIN: Ibid., 1924, vol. 70, p. 25. 
. See bibliographies for references 5, 35, 36, 37, 38, 


and 39. 


. R. W. BALLUFFI, M. COHEN, and B. L. AVERBACH: 


Trans. Amer. Soc. Metals, 1951, vol. 43, p. 497. 


. K. H. JAck: J. Iron Steel Inst., 1951, vol. 169, p. 26. 
7. C. S. RoBerts, B. L. AVERBACH, and M. COHEN: 


Trans. Amer. Soc. Metals, 1953, vol. 45, p. 576. 


. (a) B. S. LEMENT, B. L. AVERBACH, and M. COHEN: 


Ibid., 1954, vol. 46, p. 851. 
(b) B. S. LEMENT, B. L. AVERBACH, and M. COHEN: 
Ibid., 1955, vol. 47, p. 291. 


M. CoHEN: Private communication (see also reference 
38a). 
M. CoHEen: Private communication. 


. A. G. QUARRELL: Private communication. 


E. C. BAIN and Z. JEFFRIES: Jron Age, 1923, vol. 
112, p. 805. 

R. S. DEAN and B. SILKEs: “ Boron in Iron and 
Steel,” Information Circular 7363: 1946, Bureau 
of Mines, United States Dept. of the Interior. 

(a) R. A. GRANGE and “T. M. GARVEY: Trans. Amer. 
Soc. Metals, 1946, vol. 37, p. 186. 

(b) G. D. RAHRER and C. D. ARMstTRONG: Ibid., 
1948, vol. 40, p. 1099. 

(c) R. A. GRANGE, W. B. SEENS, W. S. HOLT, and 
T. M. Garvey: [bid., 1950, vol. 42, p. 75. 

(d) R. A. GRANGE and T. M. GARveEy: Steel, 1946, 
vol. 118, p. 98. 

M. E. NICHOLSON: Private communication. 

M. E. NICHOLSON: Private communication. 


. R. M. FIsHEeR: ‘“‘ Symposium on Techniques for 


Electron Metallography,’’ Spec. Tech. Publ. No. 
155, p. 49: 1953, Philadelphia, A.S.T.M. 

A. HULTGREN: Trans. Amer. Soc. Metals, 1947, vol. 
39, p. 915. 

G. W. RATHENAU and G. BAAs: Physica, 1951, vol. 
Ls U4 7. 

(a) R. D. HEIDENREICH: J. Appl. Phys., 1955, vol. 
26, p. 757. 

(b) R. D. HEIDENREICH: Jbid., 1955, vol. 26, p. 879. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
B* 








62. 
. K. G. Compton, A. MENDIZzA, and S. M. ARNOLD: 


71. 
72. 


. W. T. READ, jun.: 


. W. I. Pottock and R. F. Menu: Acta Met., 


. S. Enots—E Koonce and S. 


3. S. Exors—E Koonce and S. M. 


BAIN: EIGHTH HATFIELD MEMORIAL LECTURE 


N. H. NAcHTRIEB and G. S. HANDLER: Acta Met., 
1954, vol. 2, p. 797. 

A. H. CoTrre.y: “ Dislocations and Plastic Flow 
in Crystals ’: 1953, Oxford, The Clarendon Press. 


. F. C. FRANE: “ Advances in Physics,” Phil. Mag., 


Supplement 1, 1952, mo: 2. 
“‘ Dislocations i in Crystals ”’: 1953, 
New York, McGraw-Hill Book Co., Inc. 


. W. SHOCKLEY: T'rans. Amer. Inst. Min. Met. Eng., 


1952, vol. 194, p. 829. 

E. R. PARKER and J. WASHBURN: “ Modern Research 
Techniques in Physical Metallurgy,” p. 186: 1953, 
Cleveland, A.S.M. 


. E. R. PARKER and J. WASHBURN: ‘‘ Impurities and 


Imperfections,” p. 145: 1955, Cleveland, A.S.M. 


. (a) W. G. PFANN and L. C. LOVELL: Private com- 


munication. 


(b) F. L. VoGEL: Acta Met., 1955, vol. 3, p. 245. 


. J. GILMAN: Private communication. 
. (a) C. G. DUNN and W. R. Hrsparp: Acta Met., 


1955, vol. 3, p. 409. 
(b) C. G. DUNN and W. R. HrsBarp: Private com- 
munication. 
1955, 


vol. 3, p. 213. 
M. SrmMnaAD: Private communication. 


Corrosion, 1951, vol. 7, p. 327. 
M. ARNOLD: J. Appl. 


Phys., 1954, vol. 25, p. 134. 


. R. M. Fisuer, L. S. DARKEN, and K. G. CARROLL: 


Acta Met., 1954, vol. 2, p. 368. 

ARNOLD: J. Appl. 
Phys., 

G. W. Sears: Acta Met., 


1953, vol. 24, p. 365. 
1955, vol. 3, No. 4, p. 367. 


8. G. PFEFFERKORN: Zeitschrift fiir Microscopie, 1955, 


vol. 62, p. 109. 


39. (a) C. Herrine: Bell Lab. Record, 1955, vol. 33, 


August, p. 285. 

(b) C. Herrine and J. K. Gat: Phys. Rev., 1952, 
vol. 85, p. 1060. 

(a) G. W. Sears, A. Gatti, and R. L. FULLMAN: 
Acta Met., 1954, vol. 2, p. 727. 

(b) G. W. Sears: Gordon Conference, July, 1955. 

(c) A. W. CocHarpT and H. WIEDERSICH: Natur 
Wissenschaften, 1955, vol. 42, p. 342. 

(d) R. E1rsner: Acta Met., 1955, vol. 3, No. 4, p. 414. 

G. W. SEARS: Gordon Conference, July, 1955. 

(a) M. S. HuNnTER and W. G. FRICKE, jun.: Proc. 
eae: Soe. Test. Mat., 1954, vol. 54, p. 717. 

(6) M. S. HUNTER and Ww. G. FRICKE, jun.: “ Effect 
of Fob. Content on the Metallographic Changes 
Accompanying Fatigue ”’ (‘To be —— in Proc. 
Amer. Soc. Test. Mat., 1955, vol. 55). 


73. V. PIISPANEN: J. Appl. Phys., 1948, wal: 19, p. 876. 
. (a) M. BE. Mercuant: Ibid., 


1945, vol. 16, p. 267. 

(6) M. E. Mercuant: Ibid., 1945, vol. 16, p. 318. 

(c) M. E. MercHAnT and N. ZLATIN: Trans. Amer. 
Soc. Metals, 1949, vol. 41, p. 647. 

(a) M. C. SHaw, N. H. Cook, and I. FINNIE: Trans. 
Amer. Soc. Mech. Eng., 1953, vol. 75, p. 273. 

(b) M. C. SHaw and I. FINntiE: Jbid., 1955, vol. 77 
p. 115. 

(c) I. FINNIE and M. C. SHaw: “ The Friction Process 
in Metal Cutting ’’: Paper No. 54—A-108 presented 
at the 1954 Annual Meeting of the American 
Society of Mechanical Engineers. 


76. F. W. Boutacer, H. E. HARTNER, W. T. LANKFORD, 


78. 


and T. M. Garvey: ‘ Force Relationships in the 
Machining of Low-Carbon Steels of Different Sulfur 
Contents ’’ (to be submitted for publication to the 
American Society of Mechanical Engineers). 


. (a) B. T. Coao, K. J. TRIGGER, and L. B. ZYLSTRA: 


Trans. Amer. Soc. Mech. Eng., 1952, vol. 74, p. 
1093. 

(6) B. T. CHao and K. J. TRIGGER: ‘“‘ Temperature 
Distribution at the Tool-Chip Interface in Metal 
Cutting ’’: Paper No. 54—A-115 presented at the 
1954 Annual Meeting of the American Society of 
Mechanical Engineers. 

T. S. Rospertson: J. Iron Steel Inst., 1953, vol. 175, 
p. 361. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


79. 


80. 


81. 


83. 


84. 
85. 
86. 


88. 
89. 
90. 


91. 
92. 
93. 
95. 
96. 


97. 
98. T 
99. 
100. 


101. 
102. 
103. 


ods Re Low, jun.: “ 


. W. G. Prann: J. Met., 


. B. SHIELDS, J. CHIPMAN, and N. J. GRANT: 


3. (a) First Progress Report, 


(a) M. L. Wriitams: ‘‘ Symposium on Effect of 
Temperature on the Brittle Behavior of Metals 
with Particular Reference to Low Temperatures,”’ 
Spec. Tech. Publ. No. 158: 1954, Philadelphia, 
A.S.T.M. 

(b) M. L. WriixiaMs: ‘‘ Investigations of Structural 
Failures in Welded Ships,’ National Bur. of 
Standards Report 4168, June 30, 1955. 

(a) P. P. Puzak, M. E. ScHUSTER, and W. S. PELLINI: 
Welding J., 1954, vol. 33, p. 481s. 

(b) P. P. Puzax, M. E. ScHUSTER, and W.S. PELLInN1: 
Ibid., 1954, vol. 33, p. 433s. 

(c) P. P. Puzak and W. S. PELLINI: “ Effect of 
Temperature on the Ductility of High Strength 
Structural Steels Loaded in the Presence of Sharp 
Cracks ”’: Naval Research Laboratory Report 4545, 
June 22, 1955. 

(d) W. S. PELL INI: ‘‘ Symposium on Effect of Tem- 
perature on the ‘Brittle Behavior of Metals with 
Particular Reference to Low Temperatures,’”’ p. 
216, Spec. Tech. Publ. No. 158: 1953, Philadelphia, 
A.S.T.M. 

G. R. Irwin: “ Fracturing of Metals ’’: 1948, Cleve- 
land, A.S.M. 

Relation of Properties to Micro- 
structure ’’: 1954, Cleveland, A.S.M. 

J. R. Low, jun.: ‘‘ Dislocations and Brittle Fracture 
in Metals,” to be presented at International Union 
of Theoretical and Applied Mechanics meeting, 
Madrid, Sept., 1955. 

L. C. CHANG and M. GENSAMER: Acta Met., 1953, 
vol. 1, p. 483. 

M. GENSAMER: Private communication. 

W. G. PFANN: Trans. Amer. Inst. Min. 
1952, vol. 194, p. 747. 


Met. Eng., 


1955, vol. 7, Feb., p. 297. 

L. C. McCaBeE: Ibid., 1955, vol. 7, Jan., p. 61. 

L. C. McCaBeE: Private communication. 

L. L. SEIGLE, M. COHEN, and B. L. AVERBACH: 
Trans. Amer. Inst. Min. Met. Eng., 1952, vol. 194, 
p. 1320. 

L. S. DARKEN: Ibid., 1948, vol. 175, p. 184. 

J. E. REYNOLDS and M. COHEN: Private communi- 
cation. 


O. J. Kierra: J. Phys. Chem., 1955, vol. 59, p. 175. 


. J. CHIPMAN: Indust. Eng. Chem., 1933, March, p. 319. 


J. CHIPMAN: T'rans. Amer. Soc. Metals, 1934, vol. 22, 
p. 385. 

(a) J. CHIPMAN: Amer. Inst. Min. Met. Eng., 
Hearth Proceedings, 1942, Sept., p. 695. 

(b) S. MARSHALL and J. CHIPMAN: T'rans. Ainer. Soc. 
Metals, 1942, vol. 30, p. 695. 

N. J. GRANT and J. CHIPMAN: te Amer. Inst. 
Min. Met. Eng., 1946, vol. 164, 34. 

B. WINKLER and a3 entlaote hp ‘Ibid., 

164, Dp, 24d. 

J. CHIPMAN, J. B. GERO, and T. B. WINKLER: Jbid., 
1950, vol. 188, p. 341. 

J.CHIPMAN: “ Hydrogen i in Steelmaking,” presented 
at a meeting of Jernkontoret in Stockholm on 
May 21, 1955 (To be published in Jernkontorets 
Annaler ) 5 

L. LUCKMEYER-HASSE and H. SCHENCK: 
Fisenhiittenwesen, 1932, vol. 6, p. 209. 

C. A. ZAPFFE and C. E. Sims: Trans. Amer. Inst. 
Min. Met. Eng., 1941, vol. 145, p. 225. 

D. J. CARNEY, J. CHIPMAN, and N. J. GRANT: Amer. 
Inst. Min. Met. Eng., Electric Furnace Steel 
Proceedings, 1948, vol. 6, p. 34. 


Open 


1946, vol. 


Arch. 


. H. Epstein, J. H. WAtsH, and T. B. Kina: Reg. 


Tech. Meet., Amer. Iron Steel Inst., 1954. 

Trans. 

Amer. Inst. Min. Met. E'ng., 1958, vol. 197, p. 180. 

Subcommittee XI of 

A.S.T.M. Committee E-4 on Metallography, Proc. 
Amer. Soc. Test. Mat., 1950, vol. 50, p. 444. 

(b) Second Progress Report, Subcommittee XI of 
A.S.T.M. Committee E-4 on Metallography, Jbid., 
1952, vol. 52, p. 540. 

(c) Third Progress Report, Subcommittee XI of 
A.S.T.M. Committee E-4 on Metallography, Jbid., 
1953, vol. 53, p. 503. 


NOVEMBER, 1955 





t of 
tals 
es,”’ 


hia, 


ural 

of 
INI: 
INI: 
t of 
gth 
arp 


345, 


‘em- 


vith 
> 

hia, 
eve- 
cro- 
ture 
nion 
ing, 


953, 


ner. 
Steel 


Reg. 


ans. 
180. 
[ of 
roc. 


[I of 
bid., 


| ef 
bid., 





PAPERS AND REPORTS ON 
RESEARCH AND PRACTICE 


Metallurgy - 


Plant Operation 


- Research 








Metallography of Delta-Ferrite 


Part IV— 
DECOMPOSITION OF DELTA-FERRITE BETWEEN 650° AND 1000° C. 
IN A LOW-CARBON 18/10/3 Cr-Ni-Mo CORROSION-RESISTING STEEL 


Introduction 


THE COMPOSITION of the austenitic chromium-— 
nickel stainless steels is often so balanced that after 
the solution treatment at 1050° C. the steel is entirely 
austenitic. The addition of titanium, niobium, or 
tantalum within the amount needed to fix all the 
available carbon generally does not cause the appear- 
ance of §-ferrite; but an excess of these elements, 
especially titanium, will probably cause the appearance 
of §-ferrite.1_ The effect of molybdenum in promoting 
the appearance of 9$-ferrite is most noticeable, 
especially at high temperatures. The amount of 
ferrite increases with the heating temperature.* 

This high-temperature 3$-ferrite, however, is not 
stable at low temperatures and its decomposition can 
easily be followed by means of magnetic and micro- 
scopic examinations. In connection with the forma- 
tion of the sigma phase, the isothermal transformation 
of §-ferrite in the 18/8 type of stainless steel with 
3% molybdenum has recently been studied by many 
investigators. This transformation proceeds most 
rapidly at about 850°C. and is accompanied by an 
increase of hardness, loss of toughness, and sometimes 
loss of corrosion resistance. This is generally accepted 
as the effect of the formation of sigma from $-ferrite. 
However, another hardening effect of unknown 
mechanism occurs at 350-500° C. and no sigma can 
be detected, which is sometimes compared with the 
475° C. embrittlement occurring in high-chromium 
ferritic steels. In the present paper only the trans- 
formation within the sigma-formation temperature 
range, 650-1000° C. will be discussed. 

This transformation has been very satisfactorily 
studied by earlier investigators by means of magnetic, 
chemical, and X-ray analyses and of mechanical and 
corrosion tests.!—!9 However, a further microstructural 
study seems justifiable for the following reasons: 
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SYNOPSIS 

The decomposition of 6-ferrite within 650° and 1000° C. in a 
0-05% C, 17-5% Cr, 10-5% Ni, and 2-80°, Mo steel has been 
studied by optical and electron-microscopic examinations. In the 
early stage of transformation acicular austenite, sometimes contain- 
ing carbide particles, formed along certain crystallographic planes of 
5-ferrite. This aggregate of austenite and the (Cr, Fe, Mo),,C, 
carbide resembled bainite in appearance and appeared as grooves 
upon the polished surface. 

The formation of the sigma phase occurred later and was mainly, 
if not entirely, in the 8-ferrite pools not yet transformed into 
austenite. Hence the sigma pattern was governed by that of 
austenite. 

The decomposition of §-ferrite into various products has been 
discussed from the point of view of the chemical composition of 
these phases. 1101 


(i 


~~ 


The etching technique was not satisfactory, the 
acicular transformation product of 4-ferrite 
being wrongly interpreted as the sigma phase 
in some cases 

(ii) Electron microscopic examinations have not been 

made 

(iii) The surface relief method recently developed!?: !* 

has not been used 

(iv) The decomposition of 5-ferrite into an acicular 

aggregate of austenite and carbide, with an 

appearance resembling bainite,'* was not known 
to earlier investigators. 


EXPERIMENTAL METHODS 
The composition of the steel investigated is 
c Si Mn P 8 Cr Ni Mo Ti, Nb 
0:046 0-47 1-10 0-023 G-016 17-5 10-5 2-80 Nil 

In the delivered state only traces of ferrite could be 
found in this steel. After heating to 1200°C. the 
amount of $-ferrite was still negligible, probably 
because of the high nickel content of this steel. By 
increasing the heating temperature to 1350° C. about 
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20% of §-ferrite was obtained (Fig. 1). That the 
5-ferrite is not massive in form was probably a result 
of the short heating time of 5 min. at this temperature. 
It should be mentioned that this ferrite is extremely 
unstable and some transformation takes place in large 
steel specimens during oil-quenching. For this reason 
small specimens, 3 mm. xX 3 mm. X 6 mm., and 
water-quenching were used throughout the present 
investigation. The high-temperature treatment 
(1350° C., 5 min.) was carried out in purified nitrogen 
in a Silit furnace. The steel specimens were then 
reheated in a lead or salt bath at a temperature 
between 650° and 1000°C., for the desired period, 
followed by water-quenching. 

For optical examination, electrolytic polishing in an 
electrolyte of 40 ml. cone. HClO, in 1000 ml. cone. 
CH,COOH was preferred, because it gave a surface 
free from any deformation. Owing to the dislodgement 
of the inclusions by this electrolytic polishing, which 
left many minute holes in the polished surface, 
mechanical polishing with diamond dust and alumina 
was used to prepare the surface, from which the 
replica needed for the electron microscopic examina- 
tion was made. 


Etching 

Electrolytic etching in a 10% oxalic acid developed 
by Eliinger'* was found to be the most convenient 
method to distinguish the various phases. As pointed 
out by Emmanuel,’® and Dulis and Smith,® this 
etchant attacks the sigma phase most rapidly, 
austenite moderately, and ferrite not at all. Using 
6 V. terminal potential, etching for 10-20 sec. was 
enough to bring out the contrast between ferrite and 
austenite: the former was slightly stained but not 
attacked and appeared in a darker tone and in relief 
compared with the latter. Even after this short 
etching, the sigma phase was dissolved and appeared 
as dark holes, which made the identification of sigma 
a very simple matter. However, micrographs were 
often found in the literature showing the sigma phase 
as lightly attacked areas although the same etchant 
was used. The reason for this may either be the 
short etching time, the dilute electrolyte, or the low 
current density. Generally, etching for 10-20 sec. 
was found satisfactory for studying the transformation 
of §-ferrite. However, prolonged etching up to 30-40 
sec. was needed to bring out the structure of the 
austenite twins, which in some cases was used to 
differentiate large austenite from ferrite grains (see 
Fig. 2). 

This etchant also dissolved the carbide particles,!® 
and made the minute carbide and sigma particles 
indistinguishable. In sensitized stainless steels, pro- 
longed etching resulted in ditches at grain boundaries 
containing carbide particles,!’? which resembled large 
sigma crystals. For this reason the modified Mura- 
kami’s reagent (30 g. K,Fe(CN),, 30 g. KOH, 60 ml. 
H,O) developed by Emmanuel!® was used. This 
reagent should be freshly prepared and used when 
hot; etching for 10-20 sec. made the sigma phase 
appear as black holes and attacked the carbide faintly. 

Since both of these etchants dissolved the sigma 
phase and produced holes on the etched surface, they 
were not suitable for preparing the surface for 
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examination by an electron microscope. In this case 
Vilella’s reagent (5 ml. HCl, 1 g. picric acid, 100 ml. 
alcohol) was used; the etching time was about 1 min. 
This reagent delineated all these phases and attacked 
austenite more than ferrite (Fig. 3). 

The replica method used for the electron micro- 
scopic examinations has been described elsewhere by 
Modin.18 

RESULTS 

Since ferrite is ferromagnetic but austenite, sigma, 
and chromium carbides are not, the amount of $-ferrite 
present and its decomposition can easily be determined 
by a magnetic balance in this sort of steel, but the 
nature of the transformation products has to be 
determined by some other method. The X-ray 
diffraction method gives a definite identification of 
the phases present but not their distribution. Con- 
ventional microscopic examination seems to be the 
simplest method for this sort of structural study, but 
its success depends mainly on the applied etching 
technique. Since earlier investigations, especially that 
of Smith and Bowen,‘ have clearly illustrated the 
mode of decomposition of $-ferrite during ageing both 
for a time at a certain temperature and with tempera- 
ture for a certain time, these matters will not be dealt 
with again in the present paper. Only the micro- 
structures at high magnifications of the decomposition 
products of 5-ferrite will be given. 


Acicular Transformation Products 

Figure 2 shows the structure at a moderate high 
magnification of this steel after heating at 700° C. for 
1 hr. In 8-ferrite grains an acicular transformation 
product appeared either in the form of parallel rods 
or in a Widmanstatten pattern. The detail of such 
a structure was lost because the specimen in this case 
was somewhat over-etched to bring out the twins in 
austenite. 

Figure 3 represents the same specimen properly 
etched in Vilella’s reagent, which attacks austenite 
and leaves carbide particles in relief. In Fig. 3a it 
can be seen that the transformation products of 
5-ferrite etch quite differently. By using oblique 
illumination (Fig. 35), the light etching shoots in 
Fig. 3a are shown to be austenite needles, which occur 
very often in pairs in the form of an inverted V. The 
structure of the dark-etching constituent, shown in 
Fig. 3a, not resolved at this magnification, is an 
aggregate of austenite and carbide. This will be 
discussed in a later section. 


The §—y Transformation 


Below 900° C., austenite needles were the pre- 
dominant transformation products of 5-ferrite in the 
early stage of transformation. Figure 4 shows an 
electron-micrograph of the structure of this acicular 
austenite formed during 10 min. at 700° C. Since the 
austenite rods are attacked by Villella’s reagent, they 
appear as grooves in the specimen and as ridges in 
the replica. For this reason the intensity of the 
electron beam in these areas will be reduced more 
than those areas corresponding to ferrite and therefore 
the austenite appeared in Fig. 4 as dark rods. For 
a similar but reversed mechanism, the carbide 
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appeared along the grain boundary in Fig. 4a as light 
particles. 

Figure 4a shows the early stage of the austenite 
formation; it seems that austenite forms first as small 
single rods (marked in Fig. 4a with arrows), which 
later grow into hollow cones with untransformed 
ferrite encircled in them. The longitudinal section of 
these cones will then have the appearance of a V, 
or an inverted V, as shown in Fig. 4a (cp. the optical 
microstructure shown in Fig. 36). Figure 4b shows the 
same structure at a more advanced stage. 

Figure 4c represents a cross-section of these 
austenite cones which are rectangular rather than 
spherical. If the encircling process is still not com- 
pleted, the cross-section of these acicular austenite 
cones will appear in the form of an Lor a U, as Fig. 4c 
also shows. 

When these austenite cones ave sectioned at ran- 
dom, they will seldom be cut longitudinally or trans- 
versely, as shown in Figs. 4a—c. Figure 4d represents 
the most frequently encountered oblique section of 
the austenite cones. From this photomicrograph it 
can be seen clearly that these austenite cones are very 
often grouped together. The light channels are not 
carbide but entrapped ferrite, since they are con- 
tinuous from the ferritic matrix. The light particles 
can either be carbide or encircled ferrite, a fact that is 
not always easy to decide from electron-micrographs. 

Acicular austenite has also been found at 950° and 
1000° C. but the amount is very much reduced. Most 
of the $-ferrite transformed within a few seconds into 
blocky austenite. It was very difficult to follow this 
transformation, not only because of the high rate of 
transformation, but also because of the new austenite 
formed by a uniform growth of the austenite existing 
at 1350°C. No characteristic transformation front 
could be used to differentiate these two kinds of 
austenite. Though the transformation rate of ferrite 
was very high in the beginning, untransformed 
5-ferrite could still be found in a specimen which has 
been heated to 1000° C. for 20 hr. (Fig. 9). 


Precipitation of Carbide 


The carbon content of this steel is fairly low, but 
according to the solubility for carbon in 18/8 Cr-Ni 
steels determined by Rosenberg and Irish,!® precipi- 
tation of carbide can still take place in this steel 
by annealing at any temperature below 925°C. 
Obviously, the lower the annealing temperature, the 
larger will be the amount of carbide precipitated. 

The carbide in 18/8 Cr—Ni steel is known to be the 
chromium carbide Cr,,;C,; molybdenum forms with 
iron and carbon a double carbide M,,C,, which is 
isostructural with Cr.,C,, and therefore the addition 
of molybdenum up to 3% into 18/8 Cr-Ni steel will 
not change the nature of the precipitated carbide. 
Consequently, the formation of the (Cr,Fe,Mo),,C, 
carbide will depend upon the diffusion of chromium 
and molybdenum, because the rate of diffusion of 
carbon is much higher. The formation of austenite 
in ferrite will enrich the surrounding ferrite in chro- 
mium and molybdenum, and the formation of carbide 
particles at this 3/y interface is therefore greatly 
facilitated. 

The dark-etching constituent shown in Fig. 3a has 
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also been observed earlier by many investigators; for 
example, Smith and Bowen! found that it is present 
in steel specimens heated at 650-850° C. and the 
amount present at 850° C. increases with the heating 
time. This constituent, however, was often considered 
as the sigma phase. The structure of this constituent 
formed at various temperatures from 650° to 850° C. 
has now been studied at high magnifications by both 
optical and electron microscopes. 

Figure 5 shows this constituent formed at 750°, 
800°, and 850° C., respectively. Figure 5b has several 
features of interest. Firstly, a black transformation 
product appeared along the former ferrite/austenite 
boundaries. As will be shown, this was the site of 
the sigma phase which had been dissolved during the 
electrolytic etching. Secondly, four groups of acicular 
constituent were advancing from the grain boundary 
into the ferrite grain. Thirdly, while there were many 
dark particles in this constituent, none were found in 
the freshly formed acicular austenite leading these 
four transformation units. Some isolated austenite 
rods were also present. The structure obtained at 
850° C. was similar but clearer (Fig. 5c). 

These dark particles are interpreted here as the 
(Cr,Fe,Mo),,C, carbide. In the beginning of the 
decomposition of $-ferrite, the supply of carbon is 
sufficient and the precipitation of austenite and car- 
bide occur simultaneously as an acicular aggregate.!% 
Owing to the low carbon content of this steel, the 
sarbon dissolved in either ferrite or austenite is soon 
exhausted, and the decomposition of ferrite proceeds 
with the formation of only acicular austenite. Such 
a phenomenon can also be seen in Fig. 5d, which is 
an electron-micrograph of the decomposition products 
of 5-ferrite formed at 750° C. 

Since both the sigma phase and the Cr,,C, carbide 
were not attacked by Vilella’s reagent and therefore 
were in relief, it was not possible to distinguish these 
two phases in the electron-microstructures. From 
optical microstructural examinations, Gilman?’ has 
pointed out the different morphologies of these two 
phases: the Cr,,C, carbide nucleated easily but grew 
slowly and, therefore, appeared as multitudes of tiny 
particles; the sigma phase was formed by only a few 
nuclei but grew rapidly and, therefore, appeared as 
large crystals. Based upon this observation, it was 
tentatively suggested that in Fig. 5d the particles at 
the grain boundaries were the (Cr,Fe,Mo).,C, carbide 
and the large crystal in $-ferrite (marked with an 
arrow) was the sigma phase. It seems also that the 
sigma phase stands in higher relief. 


Surface Relief Study 

By studying the surface relief effect Ko and 
Cottrell"! concluded that the bainite forms coherently 
from the austenite by a shearing process. They 
examined the same polished surface of austenite 
grains before and after the formation of bainite and 
found that the upheavals, after repolishing to remove 
the surface layer, are actually units of bainite. Later, 
Ko also found that the ferrite can appear either 
incoherently as smooth blocks or coherently as 
upheaved needles. Since the conversion of ferrite into 
austenite is a reverse process of the bainite reaction, 
a similar but reverse effect will be expected. 
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Table I 
COMPOSITION OF PHASES IN 18/8/3 Cr-Ni-Mo-Ti STEEL 
Origin of Results Condition Phase Cr, % | Ni, % | Mo, % 

Figures by Shirley" for a steel | 1050°C., W.Q. | Austenite (calculated)* | 16-4 9.4 2-7 
with 18-34% Cr, 8-2% Ni,  1050°C., W.Q. | Delta (found) 22-6 5-6 3-3 
3-1% Mo, and 30% initial 3 1050° C., W.Q., | Sigma (found) 28-7 3-3 | 7-1 

+4 hr. at 850° C. | 
Figures by Hoar and Bowen!’ | 1150°C., W.Q. Austenite (found) 13-2 10-0 | 2-5 
for a steel with 18-4% Cr, | 1150°C., W.Q. Delta (calculated)t 22-7 7-3 4-1 
8-5% Ni, 3-4% Mo, and 45% | 1150°C., W.Q., Sigma (found) ° 27-5 4-0 8-8 

initial 5 + 69} hr. at 850°C. | | 











* Allowance has been made for Ni and Mo present in the carbide residue from the 5 extract 
+ The authors do not indicate any carbide correction for these 5 figures 


Figure 6a shows the duplex structure of a polished 
and etched surface of this steel, water-quenched from 
1350°C. This steel specimen was sealed in an 
evacuated silica tube and then heated to 650° C. for 
20 min. (Fig. 6b). Since some air is left in the silica 
tube, the surface was somewhat oxidized. As explained 
earlier by Hochmann,’ the austenite had a lower 
chromium and molybdenum content than the ferrite 
and, therefore, was oxidized to a greater extent. 
There were many needle-like grooves formed in this 
ferrite grain and they increased in size and number 
with the heating time (Fig. 6c). After removing the 
surface layer by repolishing and re-etching, the 
structure of these needles is as shown in Fig. 6d. 
That the formation of austenite and carbide is a 
nucleation and growth process is clearly shown by 
this series of microphotographs. 

The surface studies are further illustrated in Fig. 7 
to show the grooves formed between 700° and 750° C. 
Above these temperatures, practical difficulties were 
encountered in making surface studies. Since the steel 
specimen was heated indirectly through the silica 
tube, the heating time needed to reach the tempera- 
ture of the lead bath was rather long. The rate of 
transformation of ferrite increased with temperature 
and reached the maximum at 850°C. At 700°C. the 
rate was already very high. Before reaching the 
desired temperature, for instance 800° C., most of the 
ferrite had already transformed at lower temperatures. 


Formation of Sigma 

Since the formation of sigma in ferrite was known 
to occur most rapidly at 850° C. and this temperature 
has generally been used in earlier investigations, the 
structural changes at this temperature are as shown 
in Fig. 8. 

After 2 min. at this temperature (Fig. 5c), small 
amounts of sigma could be found near and at the 
former ferrite grain boundaries. As the heating time 
increased, the amount of sigma also increased (Fig. 8), 
and the transformation is nearly completed after 
heating for 20 hr. The conclusions drawn from these 
microstructures are: 

(i) The sigma phase forms after the austenite 

(ii) The sigma phase forms directly from the ferrite 

ools not yet transformed into austenite 

(iii) The pattern of the sigma phase can either be a 
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net or a group of lamelle, depending upon the 

shape of the untransformed 6-ferrite, which in 

turn is governed by the morphology of austenite. 

The amount of sigma decreased at 950° and 1000° C. 

(Fig. 9), and disappeared completely at 1025°C. The 

sigma and ferrite shown in Figs. 8c and 9 occurred 
along the segregation bands. 


DISCUSSION 
Composition of Phases 

The chemical composition of the phases concerned 
is of great importance for the understanding of the 
decomposition of $-ferrite and fortunately these data 
are now available. By considering the various binary 
systems it is generally accepted that at equilibrium 
the ferrite contains more chromium and molybdenum 
and less nickel and carbon than the austenite. In 
18/8/3 Cr—-Ni—Mo steels the compositions of austenite, 
ferrite, and sigma have recently been determined by 
Hoar and Bowen,° and Shirley” by using electrolytic 
extraction methods.* Table I is taken from Shirley’s 
paper. The composition of the Cr,,C, carbide* in the 
18/8/3 Cr-Ni—Mo steel is not known but is believed 
to contain at least as much chromium and molyb- 
denum as the sigma phase. 

From the point of view of balance of alloy elements, 
the conversion of 5-ferrite into a mixture of austenite 
and sigma or carbide is very natural, chromium and 
molybdenum concentrating in the sigma phase or 
carbide and nickel and carbon in the austenite. How- 
ever, this gives no clue to which is the first phase to 





* Vacher and Bechtoldt** lately also made a phase- 
analysis study of 18/8/3-5 Cr—-Ni—Mo steels by using a 
similar technique. They found the distribution ratios 
for Cr, Ni, Mo, and Mn in the 8-ferrite and austenite 
phases to be 1-2, 0-5, 1-7, and 0-9, respectively. More- 
over, they have also carried out an analysis of the 
(Cr,Fe,Mo),, C. carbide extracted from an annealed steel 


specimen. Their findings for the steel with a similar 

composition to that used in the present investigation are: 
C,% Cr,% Ni,% Mo,% Mn,% Si, % 

Steel 0:08 17-8 9:4 3-6 1°65 0-49 

r) ic) MOR S658. 46°83 143 sa 

y (computed) 17° 10-4 8:2 1-7 

(Cr,Fe,Mo),,C, 52:9 1:9 12-5 1-3 


These authors also maintained that small differences 
in the Cr, Ni, and Mo contents of various steels or in the 
amount of 5-ferrite formed by different solution treatment 
in a steel may affect the decomposition of 8-ferrite and 
the kind of decomposition products. 
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Fig. 1—Austenite-ferrite duplex structure at 1350 Fig. 2—Acicular transformation product of 6-ferrite 
C., the starting structure of the following formed by reheating to 700 C., 1 hr. Heavily 
reheating experiments. Electrolytically etched electro-etched in 10%, oxalic acid to bring out 
in 10% oxalic acid x 300 the twins in austenite 1200 








Rad 
(a) Light and dark etching acicular constituents (b) Oblique light (—>) ; light etching constituent is attacked-austenite 


shoots 


Fig. 3—Same as Fig. 2, etched in Vilella’s reagent 1200 
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of the 6—y transformation 


(b) An advanced stage 


(a) Longitudinal section of austenite cones with the appearance of an 


inverted V in 6-ferrite. 


section of groups of hollow austenite cones 


(d) Oblique 


Arrows show the young austenite 


section of hollow austenite cones 


(c) Transverse 


~ 10,000 


Fig. 4—Electron-microphotographs of austenite formed at 700° C. 10 min. Etched in Vilella’s 
reagent 
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(a) 700° C. 20 min 
(6) 725°C, 20 min. 
(c) 750° C, 20 min. 


1200 

2000 

2000 

Fig. 7—Acicular grooves formed on the polished 
surface at various temperatures. Oblique 
light (—). 





(a) 1350° C. W.Q. Electro-etched in 10% oxalic acid < 1200 
(6) Reheated to 650° C. for 20 min. in evacuated silica tube. Oblique 
light (—>). 1200 
(c) Further reheated to 650° C. for40 min. The formation of grooves 
is a nucleation and growth process. Oblique light (—>) 1200 
(d) Repolished and re-etched in 10% oxalic acid after (c). The grooves 
in (ec) correspond to the acicular aggregate of austenite and 
carbide 2000 





Fig. 6—Surface relief study of the decomposition 
of 5-ferrite 
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form. Assuming that the sigma phase is the first, 
the surrounding ferrite will be enriched in nickel and 
carbon and impoverished in chromium and molyb- 
denum, and so the formation of austenite is facilitated. 
On the other hand, the formation of austenite may 
also stimulate the formation of sigma in a similar 
manner. 

Since the pioneer work of Franks, Binder, and 
Bishop,”! the formation of sigma directly from ferrite 
has long been established, but it has very often been 
stated that in the 18/8 stainless steel, the sigma phase 
forms first and the austenite later.4 5 As shown by 
the present investigation this is not so. The disagree- 
ment between the other works and the present one 
is perhaps due to the etching technique, the tempera- 
ture of solution treatment, or the composition of the 
steel. 

Although the same etchant (10% oxalic acid, 
electrolytic etching) has been used, the sigma phase 
in the microphotographs of Bowen e¢ al.* ® did not 
appear as a black hole and was not easily distinguish- 
able from other phases. As discussed earlier, this was 
possibly owing to either the low current density or 
to the short etching time. The acicular constituent 
considered by the present author as an aggregate of 
austenite and carbide has also been observed earlier, 
but has been interpreted as the sigma phase. The fact 
that on prolonged etching in this reagent the sigma 
phase will be eaten out is fairly well established* 1° 
and so, the identification of the sigma phase by this 
method cannot be mistaken. 

In the present steel an exceptional high solution 
temperature (1350°C.) has been used to produce 
about 20% §-ferrite in comparison with the common 
solution temperatures (1050° and 1150° C.) used by 
other investigators. (This is probably caused by either 
absence of titanium or the higher nickel content of 
this steel.) Such a 6-ferrite is extremely unstable at 
low temperatures and therefore has a very strong 
tendency to decompose into austenite. On the other 
hand, if the $-ferrite is to have a certain stability, 
or metastability, the 5 + y transformation must 
be delayed and it would be possible for the 3 +o 
transformation to take place first. This can probably 
be achieved by increasing the Cr, Mo, or Ti content 
or by decreasing the Ni or Mn content. 

Gilman et al.? suggested austenite as the inter- 
mediate product in the formation of sigma from 8- 
ferrite, the sequence of phases being 8 > ~ > o. From 
the composition of these phases, not then available to 
these authors, this mechanism, as already pointed 
out by Payson and Chang,?? does not seem probable. 
In this connection the important findings of Dulis and 
Smith,® confirmed later by Buchholtz et al.,1 on the 
solution of sigma in austenite should be mentioned. 
They found from magnetic evidence that the o > y 
transformation occurs via ferrite as the intermediate 
stage, ora -> 5 > y. Since the ferrite has a chromium, 
nickel, and molybdenum composition between those 
of the sigma and austenite, this reaction mechanism 
is not unexpected. 


Formation of Austenite 


As the austenite grows, the resistance to its growth 
also increases, owing to the accumulation of chromium 
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and molybdenum and the depletion in nickel and car- 
bon in the surrounding ferrite. If the nucleation and 
growth of carbide or sigma can keep pace with that of 
austenite, a eutectoid reaction of alternating forma- 
tion of austenite and carbide, or austenite and sigma,* 
will take place. However, the formation of the sigma 
phase, as manifested in the present steel, lags much 
behind that of austenite, whereas the austenite will 
grow alone in such a manner that it will avoid the 
-ferrite enriched in chromium and molybdenum and 
impoverished in nickel and carbon. This can be 
accomplished by forming new austenite shoots from 
the same origin, and a hollowed cone of austenite 
with entrapped ferrite within it thus forms. This 
austenite cone appears on sectioning as a V. 

From this discussion it is clear that the decomposi- 
tion of $-ferrite is obviously governed by the diffusion 
of alloy elements. Since the coefficient of diffusion of 
the alloy element is extremely small at temperatures 
below 900°C. the accumulation of chromium and 
mclybdenum and depletion of nickel in ferrite caused 
by the formation of austenite cannot easily be 
removed. Therefore, large areas of austenite rarely 
form below this temperature. For the same reason 
the last remnants of ferrite are very reluctant to 
transform into austenite. 

Since the austenite has a smaller specific volume 
than the ferrite, it is natural to expect a volume 
contraction to take place when ferrite is transformed 
into austenite, and this will produce the needle-like 
slots observed on a polished surface. According to 
Ko and Cottrell, 12 this is the result of a coherent 
transformation, but this may in fact merely be a 
volume contraction effect. 


Formation of Carbide and Sigma 

Owing to the difference in composition it is ex- 
tremely unlikely that all the 5-ferrite will transform 
into austenite below 900° C. The ferrite, enriched in 
chromium and molybdenum, will change later into the 
(Cr,Fe,Mo),.,C, carbide or the sigma phase. The 
formations of these two phases are two competitive 
processes. As also pointed out by earlier investiga- 
tors,® ® the formation of carbide takes place before 
that of the sigma phase and the (Cr,Fe,Mo).,C, will 
continue to form as long as the supply of carbon can 
be maintained. Because of the low carbon content 
of the 18/8 type of steel, the formation of carbide 
soon stops and the sigma phase begins to appear. 

Bindari et al.® considered that as the amount of the 
sigma phase increases, the amount of carbide de- 
creases. Gilman? and Dulis and Smith® questioned 
this statement and asserted that the amount of 
chromium carbide remains constant. The solution of 
carbide has also been noticed by Morley and Kirkby?* 
in a 25/20 Cr-Ni austenitic steel. Because of the low 





* The eutectoid decomposition of 5-ferrite into an 
aggregate of austenite and sigma discussed here has 
recently been confirmed by Braumann and Kriachter*® 
in a steel with 0:05 % C, 17-9% Cr, 8:8% Ni, 2:6% Mo, 
and 0-4% Ti after a 2-hr. solution treatment at 1200° C. 
The presence of pro-eutectoid austenite in 58-ferrite 
proved that the formation of austenite also occurs earlier 
than sigma in this steel. However, these authors have 
not considered the possibility of the precipitation of 
carbide. 
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carbon content of this steel it is not possible to 
contribute any evidence to this dispute. 

The formation of the sigma phase has a pronounced 
hardening effect on this type of steel, and Hochmann’ 
has proved by microhardness tests that hardening 
occurs only in the former ferrite grains. 

Molybdenum is known to facilitate the formation 
of the sigma phase, not only because it promotes the 
formation of ferrite but also because it raises the 
stability range of the sigma phase by forming ternary 
sigma phases with both chromium and nickel and 
chromium and iron.24 Otherwise, according to the 
equilibrium diagram of the binary system Fe—Cr,?® 
the sigma phase would not be formed above 825° C. 


Formation of 5-Eutectoid 


The formation of a pearlite-like aggregate of 
austenite and carbide from $-ferrite has been observed 
earlier in high vanadium, chromium, molybdenum, 
and tungsten steels.13 26-28 Such a structure has also 
been found by many investigators, among others by 
Payson,?® by Jackson,*® and by Avery, Wilkes, and 
Fellows,*" in high-carbon (0-18-0-25%) Cr (22-3- 
26-1°%)-Ni (7-7-20-5%) steels in the cast state, 
although no explanation has been given. This kind 
of structure has also been found by the present author 
in a steel with 0-15% C, 17-5% Cr, 8-0% Ni, and 
3:05% Mo (Fig. 10). Such a structure, however, 
presumably will not appear in low-carbon 18/10/3 
Cr—Ni-Mo steels. 
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Part V—;-EUTECTOID 
AND THE CONSTITUTION DIAGRAM OF THE Fe-M-C SYSTEM 


Introduction 


IN PREVIOUS PAPERS,!‘ the eutectoid decom- 
position in high-alloy steels of $-ferrite (3 > y + , 
where 7 represents the alloy carbide stable at high 
temperatures) was discussed. In addition to establish- 
ing that this reaction takes place in V, Cr, Mo, and 
W steels, it was also shown that it can occur in 
different ways. Thus in high-alloy steels the $- 
eutectoid reaction is probably a common one and may 
occur under various conditions. 

Though constant Mo and W section diagrams of the 
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By Kehsin Kuo 


SYNOPSIS 


The eutectoid decomposition of 5-ferrite (6—> y + carbide) in V, 
Cr, Mo, and W steels has been correlated with the constitution 
diagram of the various Fe-M-C systems. Vertical (constant M 
and carbon) sections were used to illustrate the phase changes and 
horizontal (isothermal) sections to illustrate the reaction mechanism. 

This reaction has two special features: it is a binary (3-phase) 
reaction in a ternary system, and one of the components, carbon, 
moves much faster than the other two. The influences of these 
two factors have been discussed. 1121 





Manuscript received on 27th November, 1954, and in 
its final form on 8th March, 1955. 
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Table I 
RELATIONSHIP BETWEEN AMOUNT OF M AND TYPE OF CONSTITUTION DIAGRAM 
M, wt.-% 
| Constitution | } 
| Diagram | Fig. 2a | Fig. 2b Fig. 2c Fig. 2c’ Fig. 2d Fig. 2d’ 
System ee —— = — —__—_———- _ = 
5-Eutectoid | 
| Possible | Nil I I, 1 I, WI Nil 
Reaction 
| 
Fe-V-C (Oya‘) | . wil ia 5 10 
Fe-Cr-C (Murakami | 15 | 18 (I) 21 (1) ee 30 
et al.,° Tofaute et al.’)) | | | 
Fe-Mo-C (Takei’‘) 4 | fee 10 (I, III) oe | — 20 
Fe-W-C (Takeda’) | 8 | 10-12 | 14 (III) ths | 16-18 (III) 








respective Fe-Mo-C and Fe-W-C systems have been 
used before to illustrate the §-eutectoid reaction, a 
thorough correlation between this reaction and the 
constitution diagram is still lacking. It is the purpose 
of the present discussion: 
(i) To compare the various Fe—-M-C systems, where 
M represents V, Cr, Mo, or W 
(ii) To illustrate the phase changes by vertical section 
diagrams 
(iii) To illustrate the reaction mechanisms by iso- 
thermal section diagrams 
(iv) To find out the various possible 46-eutectoid 
reactions 
(v) To discuss the special features of this eutectoid 
reaction. 


CONSTITUTION DIAGRAM 
Fe-M-C Systems 
The common features of the addition of a metal MV 
into the binary Fe—C system are the formation of an 
alloy carbide 7* stable at high temperatures and the 





* For simplicity, only one alloy carbide is considered 
here, though in reality more than one alloy carbide may 
exist in each Fe-M-C system. Furthermore, the presence 
of intermediate phases such as FeV, FeCr, Fe,Mo,, and 
Fe,W, is also neglected. The existence of other carbide 
and of intermediate phases will not, however, change 
the general reasoning applied here. 


Table II 


EFFECT OF M IN FORMING ALLOY CARBIDE IN 
STEELS AND IN MODIFYING APPEARANCE 
OF CONSTITUTION DIAGRAM OF _ Fe-C 
SYSTEM 





| Steel Composition 





For the Alloy | For the Fe-M-C 


























Alloy Alloy Carbide to Appear | System to have 
Element Carbide as the only Stable | the Appearance of 
M Carbide at 700° C. Fig. 2a 
ao% | m% | m% 
| 
v* vc 0.32 1-56 | 2 
Crt | Cr,C, 0-51 3-13 | 
Cet, 0-39 | 12.4 | 15 
Mot | Fe,;Mo,C| 0-18 | 3-88 4 
wit Fe,W,C | 0:32 | 9-56 8 





*K. Kuo: Unpublished work 
+ K. Kuo: J. Iron Steel Inst., 1953, vol. 173, pp. 363-375 
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expansion of the ferrite region F at the expense of 
the austenite region A (Fig. 1). The binary non- 
variant reactions in the system Fe-C gain one degree 
of freedom and take place within limited temperature 
ranges. Moreover, the following ternary non-variant 
reactions occur (J represents liquid): 


¥-C Binary System Fe-M-C Ternary System 


l1ltl+é-y ll+8>y4+7 
2. l+>y + Fe,C 2. l>y +7 + Fe,;C 
3. y> a(S) + Fe,C 3. y +n>«(5) + Fe,C 


The first two ternary reactions occur at a lower, and 
the last one at a higher temperature than the corres- 
ponding binary reactions. The 4-phase peritectic 
reaction is shown schematically in Fig. 1, and is found 
to occur at 1330°, 1260°, 1270°, and 1335° C., for the 
ternary systems Fe-V-C,*° Fe-Cr-C,*® 7 Fe—-Mo-C,$ 
and Fe-W-C,° respectively. 


M, °o 


Fig.2d 


















— L+F | ———= Fig 26 
ane Fig.2b 
AF — ~Fig.2a 
<-> 
L; Liquid A; Austenite or y-iron F’; Ferrite or a(é)-iron 


C: Alloy carbide 


Fig. 1—The 4-phase peritectic reaction 1+ 65 —y-+7 
of the ternary system Fe-M-C. Sections at constant 
M and carbon contents are shown in Figs. 2 and 3 
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CARBON CONTENT 


Fig. 2—Vertical sections at constant M content, increasing from atod. Phase changes accompanying 5-eutectoid 
reactions I-III are shown 


If an alloy steel has a composition lying to the right 
of the line Jyy in Fig. 1, no $-ferrite will exist at 
equilibrium below this ternary peritectic temperature. 
However, a peritectic reaction seldom proceeds to 
completion under ordinary cooling conditions and so 
5-ferrite may even appear in this steel below the 
peritectic temperature.” 

The graphical representation of the composition/ 
temperature relationship in a ternary system is a 
three-dimensional prism, which is not always easy to 
comprehend. For this reason two-dimensional vertical 
and isothermal sections are generally used to illustrate 
the constitution. 


Vertical Sections 

The effect of the introduction of M into steels can 
best be understood by examining the sections of the 
Fe—M-C systems at constant 1 contents as shown in 
Fig. 2 (for the detail construction of these sections, 
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see references 5-9). These sections still resemble the 
constitution diagram of the Fe—-C binary system. As 
the content of the ferrite-former M increases, the A 
single-phase region diminishes (Figs. 2a and 6) and 
finally disappears (Fig. 2c, after having passed the 
point y in Fig. 1), mainly because of the expansion of 
the A + F + C 3-phase region. This is also the case 
with the A + F 2-phase region, although this dis- 
appears at a later stage (Fig. 2d, after having passed 
the point $ in Fig. 1), owing to the expansion of the 
F + C 2-phase region. 

The broken lines in Figs. 2c and d represent other 
possibilities of these boundary lines, and in this case 
the diagrams are denoted as Figs. 2c’ and d’. 

Table I shows the relationship between the amount 
of M and the type of constitution diagram for the 
four Fe-M-C systems. This is a compilation of the 
experimental works of Oya,> Murakami, Oka, and 
Nishigori,® Tofaute, Kiittner, and Biittinghaus,’ 
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ALLOY CONTENT 


Fig. ‘3—Vertical sections at constant carbon content, increasing from a to d. Phase changes accompanying 6- 
eutectoid reactions I-III are shown 


Takei, and Takeda.® The similarity of these alloy 
elements in modifying the constitution diagram of 
the Fe—C binary system is obvious. In this respect, 
vanadium is the most effective element, and it is also 
natural to expect that a larger amount of tungsten, 
owing to its higher atomic weight, is needed to have 
the same effect as molybdenum. The reason why 
chromium is the most ineffective element is still 
unknown. Note, however, the close relationship 
between this and the steel composition at which the 
alloy carbide occurs as the only carbide at equilibrium 
at 700° C. (Table IT). 

Figure 3 shows the vertical sections at constant 
carbon content. Since carbon enlarges the austenite 
region A at the expense of the ferrite region F, the 
F single-phase and A + F 2-phase regions diminish 
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and eventually disappear as the carbon content 
increases. The dotted lines, as before, represent other 
alternatives of the phase boundaries. In dealing with 
phase changes in alloy steels, the constant VM sections 
are preferable, because they provide a direct com- 
parison with those changes occurring in plain carbon 
steels. 
Isothermal Sections 

It is now clear that vertical sections provide satis- 
factory information about the phase changes and the 
effects of M in modifying the constitution of the Fe-C 
binary system. However, they give no indication of 
the composition of the phases at a certain temperature 
and of the change in composition with temperature. 
For this reason, isothermal sections should also be 
considered. 
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CARBON CONTENT 


Fig. 4—Isothermal sections at T, and T, below the 
ternary peritectic temperature of the ternary 
system Fe-M-C. Phase changes accompanying 
$-eutectoid reactions I-VII are shown 


Unfortunately they are not so well illustrated as 
the vertical sections in the literature on the constitu- 
tion diagram of the Fe-M-C systems. Consequently, 
it is not possible to compare even qualitatively these 
four Fe-M-C systems, as has been done earlier 
(Table I). The isothermal section at the non-variant 
peritectic temperature has already been discussed 
(Fig. 1). Since the primary interest is the compositions 
of $-ferrite and austenite, the isothermal sections at 
two temperatures (7', and 7’,) at the iron corner of 
the Fe—M-C system are shown schematically in Fig. 4. 

At a certain temperature and at equilibrium, the 
austenite always has a lower M and a higher carbon 
content than the coexisting ferrite. As the tempera- 
ture falls, both the M and carbon contents of austenite 
and ferrite decrease. These facts have important 
influences on the mechanism of $-eutectoid reaction. 

The points shown in Fig. 4 represent the composi- 
tions of alloys in which the seven possible $-eutectoid 
reactions may take place (see Table III). For illustra- 
tive purposes this diagram is drawn so that all these 
seven possible reactions may occur on cooling from 
T, to T,;, though in reality this is seldom the case. 


DELTA-EUTECTOID REACTIONS 
The eutectoid decomposition of 5-ferrite (6 — y +) 
in the Fe-M-C ternary system has two special 
features: it is a binary reaction in a ternary system, 
and one of the components, carbon, moves much 
faster (104 to 10° times) than the other two.! 


Binary Reaction 

A 3-phase (binary) reaction in a binary system 
occurs at a fixed temperature (under constant pres- 
sure) and at fixed compositions, i.e. it is non-variant. 
This reaction is also unique, because as its nature is 
eutectic (eutectoid) or peritectic (peritectoid), it is 
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unambiguously determined by the composition of the 
involved phases. That is also true of a 4-phase 
(ternary) reaction in a ternary system. 

However, a binary reaction in a ternary system 
does not occur at fixed temperature and composition. 
Figure 5 shows the composition of three solid phases 
x, y, and z at two temperatures (7',> 7;). This 
represents the common phenomenon of decreasing 
solubility with temperature in three solid solutions in 
a ternary system. From the initial state 7’, to the 
final state 7',, the amount of x, y, or z may either 
increase (+) or decrease (—), and six possibilities. 
(excluding those in which the amount of one phase 
is constant) exist: 


Change in Amount Binary Reaction 


x y z 
= Se Oe x>yt+z2 
= ie = = is ys +2 
= 5 aT = 2 7>xe+y 
Soy = = fs e+y-z 
= + = oe ey 
+ — = y¥+2—>2@ 


The first three are called here binary eutectoid reac- 
tions and the others binary peritectoid reactions. The 
terms 1/2 and 2/1 reactions are perhaps even clearer. 

At T,, alloy M in Fig. 5 consists of x, y, and z 
with the compositions x5, y,, and z, and their relative 
amounts are shown by the length of the segments of 
one side of the composition triangle. At 7',, this alloy 
still consists of these three phases, but their composi- 
tions change to 2,, y,, and z, and their relative amounts 
have also changed. It is easily shown that the amount 
of x is increased and that of y and z is decreased. 
Therefore, the binary reaction in this alloy from 7’, 
to 7’, is the peritectoid reaction y + z > 2. However, 
the binary reaction in alloy N from 7’, to 7, can be 
found in a similar way to be a eutectoid reaction of 
x—-y-+z. Obviously, therefore, a binary reaction 
in a ternary system is neither invariant nor unique, 


Table III 


PHASE CHANGES ACCOMPANYING - DELTA- 
EUTECTOID REACTIONS IN Fe-M-C TERNARY 























SYSTEM 
Reaction 6 > y + 7 
| Initial | Intermediate | Final 
$-Eutectoid Stable State Metastable | Stable State 
Reaction | (Hi | State (Low (Low 
Temperature) | Temperature) | Temperature) 
7 
Stable | | 
austenite* | 
I |A+F | A+F+C 
II | F+C A+F+C 
Ill |A+F+C! A+C 
IV | A+F+C| A+F+C 
ane ‘ miata i > 
Metastable | 
austenite 
Vv | F [At P+tC | F+C 
VI AF |A+F+C/F+4C 
VII F+c [ate c prc 
* Other possible phase changes: F to A +CorA+F+C 
A+FtoA+C 
F+CtoA+C 
These cannot occur in these Fe-M-C systems (see Figs. 2 and 3); 
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and its nature depends not only upon the change of 
the composition triangle but also upon the composi- 
tion of the alloy in question. Moreover, it is clear 
that a binary reaction involving zx, y, and z can take 
place within the same x + y + z 3-phase region. 

If an alloy is brought from the y + z 2-phase into 
the x + y+ z 3-phase region, e.g. the composition 
on the line yz, in Fig. 5, the binary reaction will be 
one of the three in which the amount of x increases: 
yt2>%,y>x+2,0rz>2+y. If an alloy is 
brought from the y single-phase into the x + y+ z 
3-phase region, e.g. the composition at y, in Fig. 5, 
the reaction will be singularly determined as y > x 
+ 2. 

Figure 5 is arbitrarily drawn and represents only 
one of the numerous varieties of change in composition 
occurring in a binary reaction in a ternary system, 
but the relationship between the nature of this reac- 
tion and the change in amount of the phases involved 
is the same in all cases. A reaction may also change 
its nature from 7’, to 7, if this is not an infinitesimal 
change in temperature. 


Metastable Equilibria 

Reactions in a ternary system are usually discussed 
in equilibrium terms.!°-'* This is of academic interest 
to demonstrate the application of the phase rule to 
equilibrium studies, but need not correspond to the 
actual course of reaction under consideration. Since 
undercooling cannot always be avoided it is of interest 
to examine what effect this phenomenon will have on 
the binary eutectoid reaction in a ternary system. For 
simplicity, this reaction is considered to occur 
isothermally at 7',. 

In a binary system, the metastable equilibrium of 
a eutectoid reaction X — Y + Z can be followed by 
the well-known extrapolation discussed by Vogel,!? 
and applied to the formation of pearlite by Hultgren’* 
(Fig. 6). At 7, the phases at equilibrium assume 
the compositions Y, and Z,, but the phases in contact 
with X have the compositions Vy and Zy. (In the 
present case, Z does not form solid solution and hence 
Zx = Z,.) In other words, metastable equilibria exist 
between Xy and Yy and also between Xz and Zy. 











uf 


Reaction in alloy M:y +z~>2 
Reaction in alloy N: r>y +z 


Fig. 5—Change of composition triangle with tempera- 
ture (T, > T,). The relative amounts of x, y, and z 
respectively in alloy M are shown by the length of 
the segments of one side of the composition triangle 
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X35, Y3, Zs: binary equilibrium compositions at 7’, 


Y,, Z,: binary equilibrium compositions at 7, 
Xy and Xz binary metastable equilibrium compositions of X at 7; 


in equilibrium with Y y and Z y, respectively 
4, V1, 2x: ternary equilibrium compositions at 7, 
Zy and az: ternary metastable equilibrium compositions of 2 at 7, in 


“equilibrium with Yyz and Zz, respectively 

Fig. 6—Metastable equilibria for the binary eutectoid 
reaction in a ternary system: (a) pictorial view; 
(b) isothermal section at T, 


These compositions are those existing at the trans- 
formation front of the eutectoid reaction. 

In a ternary system the points and lines of a binary 
system develop into lines and surfaces, and the binary 
reaction x >+y-+z takes place in space within a 
temperature interval. In Fig. 6a, the saturation 
surfaces of 2 with respect to y and z, respectively, 
intersect along the line X,2, (the binary eutectoid 
line), and after extrapolation they cut the isothermal 
section at 7’, along the lines Xyx, and Xza, (loc. cit.,™ 
p. 265). At equilibrium the compositions of the phases 
concerned are 2, y,, and z,. If an alloy of the composi- 
tion x is brought to this temperature (Fig. 6b), the 
composition of the precipitating phases are y, and 
Zz (z,) and those of the adjacent x are 2, and 2,, 
respectively. Diffusion will take place between x and 
X,, x and x,, and x, and x,, so that further precipita- 
tion of y and z may occur, with the composition of ¥ 
moving along the line y,y, and that of z stationary. 
The compositions of the adjacent x will move along 
the lines x,x, and 2,2. 

If diffusion can keep pace with the precipitation 
process, then the final compositions of the phases 
under consideration will be 2,, y,, and z,. Otherwise, 
the composition of y will spread along line yry’r 
where y’, is the composition of the last traces of y. 
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ALLOY CONTENT 











CARBON CONTENT 


Fig. 7—Reaction mechanisms of two _ 5-eutectoid 
reactions at T, 


Hultgren” 15 has earlier used the same reasoning 
to discuss the eutectoid decomposition of austenite in 
low alloy steels. 

In the present case, the binary eutectoid reaction 
is supposed to extend from the binary system into 
the ternary one, although other possibilities of binary 
eutectoid reaction also exist. For instance, the 
saturation surface of y with respect to z, Y,Y,y,Y; 
in Fig. 6a, may join another one with respect to w 
(not shown in Fig. 6a) along a line saturated with 
both phases (similar to X,7, in Fig. 6a). In this case 
the precipitation of one phase in a binary system 
develops into a simultaneous precipitation of two 
phases in a ternary system. Both this and the binary 
eutectoid reactions are different with respect to the 
binary system, but the reaction mechanism remains the 
same. 


Delta-Eutectoid Reactions 


During the $-eutectoid reaction $ +y-+ y, the 
amount of § decreases and that of y and 7 increases. 
This reaction is possible in any change of state in 
which the initial state contains $ and the final state 
contains y and 7. The possible combinations of the 
initial and final states involving these three phases 
are listed in Table III under the heading ‘ Stable 
Austenite.’ 

The $-eutectoid reaction is only one of the several 
possible reactions which may take place in connection 
with these changes of state. For instance, in reaction 
type III in Table ITI, 5-ferrite has to disappear from 
the initial state A + F + C to the final state A + C, 
but this may occur in four different ways: 

(i) 8 +y +7 
(ii) 8 +y—>7y 

(iii) 6 +9 >y 

(iv) § +yors +7 
As discussed in an earlier section, only one of these 
four reactions is the stable one and will take place in 
equilibrium. 
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However, under non-equilibrium conditions, the 
reaction observed need not be the stable one. In 
Fe-M-C systems, both the M and carbon contents 
decrease in § and y as temperature decreases. Since 
5 has a higher UY (and a lower carbon) content than 
y, and MU diffuses faster in § than in y (and much 
slower than carbon), the M-containing carbide forms 
easier in § than in. Furthermore, 5 has a M content 
lying between those of y and 7. Both these factors 
favour reaction (i), the eutectoid decomposition of $ 
into y and 7, in the example mentioned above, although 
the stable reaction may be reaction (ii), (iii), or (iv). 
According to Takeda’s diagram of the Fe-W-C 
system,® reaction (ii) is the stable one for certain 
compositions of tungsten steels, though the reaction 
often observed is (i). 

From Fig. 4 it can be seen that at 7’, alloys 1-IV 
all contain a $-ferrite which falls within the A + F 
+ C 3-phase or A + C 2-phase region at 7’. In other 
words, this 5-ferrite at 7’, is supersaturated with both 
austenite and alloy carbide. 

At equilibrium, alloy III contains y,, 5,, and y at 7’, 
and 3, and v, at 7’, (Fig. 7). Applying the extrapolation 
discussed in the last section, metastable equilibria are 
established at the transformation front between § and 
y, and also between § and 7. Diffusion will occur 
in $-ferrite between the transformation front and the 
bulk of $-ferrite. Since M diffuses much slower than 
carbon, the rate-controlling factor of the sidewise 
growth of this eutectoid will be the diffusion of M 
in ferrite, which follows exactly the same courses as 
the diffusion of carbon in austenite in a pearlite 
reaction. 

Supposing that this 3, is isolated from its austenite 
surroundings, then the precipitation of austenite and 
carbide will be in such a proportion that eventually, 
when equilibrium is established, 5, will move to 36, 
and the coexisting phases to y, and y. The eutectoid 
decomposition of 5-ferrite will never proceed to com- 
pletion. 

However, 5, is also in metastable equilibrium with 
Y2. Because of its high diffusion rate, carbon is (and 





+ The accuracy of Takeda’s diagram is doubted be- 
cause (ii) requires the reaction between ferrite and 
austenite, giving an alloy carbide as the only product. 






























— | | | Lig: | | T = Tigs(Fe,Co) 5, 
| (coo aera Ss 
| tiqnb-* ~~ | Lig. *(Fe,Co))W,| 
a ‘eC WO 
| ee ee es <i | 
o | &+3+ Fe,Co),W,_ 1——"] _ 
Se a 
> | | | | 
= | i/ | 1 / Deeds 
oc | } | | ¥+\Fe,Co),W, 
a | 
= 1000} {. —} j____} _____ - 
= ort | 44 | im << 
fi me K + 5+(Fe,Co), Wy 
| | | 
«os. Salas Ge so apes is 
| | ox +(Fe,Co) 7 Wo! 
LI | | = i fe 
oy id 30 49 


20 
TUNGSTEN, %o 


Fig. 8—Constitution diagram of the Fe-W-Co system: 


section at 10% cobalt (after Sykes?*) 
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Fig. 13—-5-eutectoid reaction in a Mo-Ni steel (0-15% C, 9-7% Mo, 5:3% Ni). 
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M is not) transported from y, to $, as soon as the 
composition of $-ferrite departs from 8, (moving 
towards 5,). This will cause the precipitation of more 
carbide and will also cause the mean composition of 
the phases in the reaction } — y + y to move from 
8, along 5,3’; towards the pure-carbon corner of the 
composition triangle. When this reaches 3’;, 5-ferrite 
is completely converted into austenite and carbide, 
and the coexisting austenite, if no carbide precipitation 
in it occurs, moves in the reverse direction from y, 
to 3’,. 

This is not rigorously true if the austenite in 
§-eutectoid has neither the equilibrium composition 
‘1, hor an average composition equal to y,. However, 
this treatment is only qualitative to demonstrate that 
in the formation of $-eutectoid the long-range dif- 
fusion of carbon is as important as the short-range 
diffusion of M; the exact position of points 3’; and 
3’, has, in practice, no important consequence. 


Delta-Eutectoid in Alloy Steels 


The discussion of the mechanism of 5-eutectoid 
reactions is based upon isothermal transformations, 
but this will still be valid in continuous transforma- 
tions. 

The 5-eutectoid reaction discussed in Part I' belongs 
to type I, and the loss of carbon in the coexisting 
austenite to 6-ferrite is so severe that the former 
transforms into ferrite later on. The reaction discussed 
in Part II? belongs to type III, which is further 
illustrated in a molybdenum steel with 0-35% C and 
9-2% Mo, as Fig. 9 shows. After cooling from 1200° 
to 1100° C., the small amount of 8-ferrite existing at 
1200°C. (Fig. 9a) decomposes completely into 
5-eutectoid (Fig. 96). Carbide precipitation also takes 
place along the austenite grain boundaries. Reaction 
II has not yet been discovered. 

Figure 10 illustrates reaction IV occurring in the 
molybdenum steel (with 0-20% C and 8-15% Mo) 
used in Part I. At 1140° C. this steel contains carbide 
particles besides austenite and ferrite. After cooling 
in a furnace to 1000° C. 5-eutectoid forms either as 
isolated aggregates in $-ferrite (Fig. 10a), or by 
growing from the existing austenite (Fig. 100). 

Carbides form not only in 3-eutectoid, but also along 
the 3/y interface (Fig. 10c). Hultgren’ called this 
‘ interface carbide.’ The precipitation of austenite and 
carbide from $-ferrite in this case occurs separately. 

Nehrenberg and Chow?® showed that the 5-ferrite 
in a steel with 0-40% C, 11-5% W, 2:0% Cr, and 
0-4% V decomposes after cooling into austenite and 
carbide, but the appearance of this aggregate depends 
upon the rate of cooling. After rapid cooling, this 
aggregate appears as a eutectoid; and after slow 
cooling, the carbide appears as isolated, massive 
particles in austenite so giving no indication of being 
aeutectoid decomposition. However, this phenomenon 
is not uncommon, especially in the structure of a 
binary eutectic.1” 18 Scheil!® pointed out the difference 
between the eutectic point in a binary phase diagram 
and the eutectic structure; a system possessing a 
eutectic point does not always show a eutectic 
structure and a eutectic structure may also obtain in 
a system without having a eutectic point. 

Figure 11 shows the $-eutectoid reaction in a 
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vanadium steel with 0-22% C and 3-4% V. This steel 
has not been hot-worked so that the carbide distri- 
bution is uneven. This reaction also belongs to 
type IV. 

Reactions II and III cannot occur in Figs. 2c’, 2d’, 
3c’, and 3d’. Reaction I is possible in Figs. 2b and 3b 
but not in Figs. 2a and 3a, because in the latter 
cases the precipitation of the alloy carbide occurs at 
such a low temperature that the formation of 38- 
eutectoid will be replaced by a general precipitation 
of carbides in the ferrite, as discussed in Part I. 

The 5-eutectoid reactions that can possibly be pre- 
dicted from the constitution diagrams of the vana- 
dium, chromium, molybdenum, ‘and tungsten steels, 
are also shown in Table I, and those verified by experi- 
ments are indicated within parentheses after the M 
content. Data about chromium steels are taken from 
the paper by Nehrenberg and Lillys.*” The aim of the 
present discussion is to illustrate the general principles 
involved in the formation of $-eutectoid rather than 
to explore all the possibilities of the formation of this 
aggregate. Those reactions predicted but not yet 
verified will probably be found after a thorough 
investigation of a great number of alloys with dif. 
ferent M and carbon contents. 


Metastable Austenite 


It has been shown in Part I' that $-eutectoid can 
even form below the A, temperature of a steel, i.e. 
when this steel is brought from the A + F 2 -phase 
region into the F + C 2-phase region renctien VI in 
Table III). However, the austenite in this 5-eutectoid 
is not stable and later transforms into ferrite. This 
was explained earlier as the result of local depletion 
of the ferrite-former Mo, caused by the precipitation 
of Fe,Mo,C in the surrounding ferrite, which trans- 
forms temporarily into a metastable austenite. 

Alloy 5 (reaction V, Table III) in Fig. 7 contains 
only ferrite at 7, but carbide in addition at 7’. 
After the precipitation of y, the 3 in contact with 7, 
moves from point 5 to the equilibrium composition 5, 
and the bulk of 6 still has the composition 5. Thus a 
concentration gradient in both M and carbon is 
established in $-ferrite. Since the diffusion of M lags 
much behind that of carbon, the § in contact with 7 
soon assumes the composition 5,;’* and again becomes 
capable of precipitating carbide. After another zig- 
zag step (Fig. 7), this 5 reaches the composition 5”; 
within the A + F + C 3-phase region, and begins to 
decompose into a eutectoid of austenite and carbide. 

At equilibrium this alloy contains at 7’, ferrite and 
carbide with the compositions at 5; and y, respec- 
tively, but no austenite. However, between the initial 
F and final F + C states, a metastable intermediate 
state A + F + C is temporarily maintained. This, 
of course, can only occur if the alloy contains a 3 
which has a higher carbon activity than $,. 





* For simplicity, the points 5, 53’, and 553” in Fig. 7 
are arranged on the line of constant carbon content, 
although theoretically they should be on the line of 
constant carbon activity (Hillert’s iso-activity line).*! 
Darken”? has already shown that the alloy element M 
may noticeably affect the carbon activity in the ternary 
system Fe—-M-C. 
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Table IV 


DELTA-EUTECTOID REACTIONS IN Mo AND 
Mo-Ni STEELS 




















Steel Composition, % $-Eutectoid Reactions 
Final State 
Cc Mo | Ni Type Initial State (1100° C.) 
| | 
0-20 8-15 | I A+F | A+F+C 
(1250° C.) 
0-17 | 10-1 | 2-27; I |A+F A+F+C 
| | (1250° C.) 
0-14 | 10-0 | 3-77 | A+F A+C 
; (1250° C.) 
0-15 | 9-7 (5:3 AitF A+C 
(1250° C.) 
0-35 | 9-2 ie III | A+F+C|A+C 
| | | | (1200° C.) 








The zig-zag precipitation-and-diffusion step out- 
lined is an oversimplified description, since the precipi- 
tation of carbide and the diffusion of carbon actually 
occur simultaneously. Nevertheless, the argument 
about the formation of metastable austenite still holds 
true. 

The metastable $-eutectoid reaction can also occur 
in the same F + C 2-phase region (reaction VII in 
Table III), just as a stable $-eutectoid reaction can 
occur in the same A + F + C 3-phase region. 


Necessary Conditions 

The necessary conditions for the $-eutectoid reac- 
tion are thus: 

(i) The formation of a high-temperature ferrite, 
caused by the ferrite-former M 

(ii) The precipitation of an alloy carbide containing 
M in this ferrite at intermediate temperatures. 

Although austenite is one of the products of this 
reaction, it has not necessarily to be a stable phase 
at the transformation temperature. 

The alloy elements which make this reaction pos- 
sible in steels should be able to promote the formation 
of ferrite and to form an alloy carbide which is stable 
at high temperatures. All the elements belonging to 
groups IV, V, and VI of the periodic table fulfil these 
conditions. However, those elements which have a 
very limited solubility in $-ferrite, like Ti and Nb, 
are not likely to promote the formation of $-eutectoid. 


Fe-W-C versus Fe-W-Co 

Since both carbon and cobalt enlarge the y-iron 
region at the expense of the 3-iron region, it would be 
expected that the eutectoid decomposition of 5 found 
in the Fe-W-C system should also be possible in the 
Fe-W-Co system. In the former case, the reaction 
is § > y + Fe,W,C; in the latter the reaction should 
be 3 + y + (Fe,Co),W,. 

In studying the constitution diagram of the Fe— 
W-Co system, Késter and Tonn?* found the eutectoid 
reaction § y+ (Fe,Co),W, when an alloy was 
brought from the y+ 6 2-phase region into the 
y+ 5+ (Fe,Co),W, 3-phase region. Sykes?! also 
found that this eutectoid reaction can take place if 
an alloy is brought from the § single-phase region into 
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the y + 3 + (Fe,Co),W, 3-phase region or into the 
y + (Fe,Co),W, 2-phase region (Fig. 8). Other types 
of this eutectoid reaction, like the different 5-eutectoid 
reactions discussed in Table III, are also possible, 
although this has not been thoroughly investigated. 

The mechanism of this eutectoid reaction is similar 
to that of 3-eutectoid reaction, and the rate-controlling 
factor is also the diffusion of tungsten in 3-iron. 
During the precipitation of (Fe,Co);,W, the adjacent 
6-iron is depleted in tungsten and therefore transforms 
into y-iron. 

However, the solid solution of carbon in iron— 
tungsten is an interstitial one, whilst that of cobalt 
in iron-tungsten is a substitution one. Owing to the 
difference in the rate of diffusion of carbon and cobalt, 
the eutectoid reactions in the two ternary systems 
Fe—-W-Co and Fe-W-C are not quite the same. The 
following items are noteworthy: 

(i) The long-range diffusion of cobalt cannot take 
place and therefore the eutectoid reaction 6 > y + 
(Fe,Co),W, is an isolated one. The subsequent trans- 
formation of the coexisting y-iron into 6-iron, occurring 
in the Fe-M-C system! owing to the loss of carbon by 
long-range diffusion cannot occur 

(ii) The loss of cobalt in the adjacent 6-iron during 
the precipitation of (Fe,Co);W, cannot be com- 
pensated as easily as that of carbon in 5-ferrite during 
the precipitation of Fe,W,C, and hence the formation 
of y-iron is delayed. Therefore, the eutectoid reaction 
58 —y + (Fe,Co);,W, proceeds much more slowly than 
that of § +y + Fe,W;C 

(iii) Since the diffusion rates of cobalt and tung- 
sten are about the same, the decomposition of 6-iron 
into a metastable y-iron and (Fe,Co),W., like the 
metastable 6-eutectoid reaction occurring in the Fe-— 
W-C system, is impossible in the Fe-W-—Co system. 
Since nickel has a similar effect on the allotropic 

transformation of iron as cobalt, this kind of eutectoid 
reaction may also occur in the ternary system Fe-W- 
Ni. Though Winkler and Vogel*> have discussed the 
8 —y transformation and the precipitation of a 
tungsten-rich intermediate phase, they did not 
consider the eutectoid observed by them in several 
Fe-W-Ni alloys as the decomposition product of 
s-iron. Such a reaction is also possible in the ternary 
systems Fe-W-—Mn, Fe—Mo-Co, Fe-V-Co, Fe—Cr—Co, 
etc. 


Fe-Mo-Ni-C System 

It has been shown that 5-eutectoid reactions I and 
III can occur in molybdenum steels. An intermediate 
reaction between these two should be one changing 
from the initial state A + F to the final state A +- C 
(Table IV). However, this seems very difficult, if not 
impossible, to obtain in the Fe-Mo-C system by only 
varying the carbon content of the steel (see Fig. 2c), 
because carbon promotes not only the formation of 
austenite but also that of carbide. Comparing reactions 
I and III in Table IV, increasing the carbon content 
of the 8-10% Mo steels causes the ferrite to disappear 
in the final state, but at the same time carbide begins 
to appear in the initial state as insoluble particles. 

Since nickel, cobalt, and manganese promote the 
formation of austenite but do not form special carbides 
in steels, it seems possible to obtain a $-eutectoid 
reaction changing from the initial state A + F to the 
final state A + C in molybdenum steels alloyed with 
one of these elements. This reaction found in two 
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molybdenum-nickel steels is shown in Table IV and 
Figs. 12 and 13. 

As the nickel content increases, the amount of 
5-ferrite at 1250° C. decreases (Figs. 12a and 13a) and 
the fineness of the $-eutectoid increases (Figs. 12c 
and 13c). These microphotographs also show that 
5-ferrite appears primarily at austenite grain bound- 
aries and thus hinders the grain growth of austenite. 
The austenite grain boundaries, which are smooth in 
Fig. 13a, become serrated in Fig. 136 after the precipi- 
tation of carbide (Fig. 13c). This phenomenon is also 
very common in overheated and burnt high-speed 
steels.” 

Similarly, by alloying with nickel, cobalt, or 
manganese, 5-eutectoid reactions changing from the 
initial state F to the final state A + F + C may also 
occur in these Fe~-M-C systems; this has already been 
shown in Part III® for a 27/5/1-5 Cr—Ni-—Mo steel. 
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The Effect of Alloying Elements on the 


Solubility of Nitrogen in Iron 


Part Il: THE SOLUBILITY OF NITROGEN IN «-IRON 
CONTAINING UP TO 0:051% VANADIUM 


By E. T. Turkdogan, S. Ignatowicz, and J. Pearson 


SYNOPSIS 


The solubility of nitrogen in a-iron, containing 0-016% and 
0-051°% vanadium, has been investigated by equilibrating the alloys 
with ammonia-hydrogen mixtures at 500° and 600°C. The results 
indicate that up to 0-051°% vanadium has no influence on the 
solubility of nitrogen in «-iron. There are no indications of the 
formation of a vanadium nitride phase at nitrogen potentials below 
those of iron nitride, Fe,N. This throws doubt on the assumption 
that stabilization of steels against strain-ageing by vanadium is 
due to nitride formation. Some anomalous results obtained by 
other workers on strain-ageing of aluminium-killed steels are also 
discussed. 1205 
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IT HAS BEEN SUGGESTED by Epstein! that the 
addition of about 0-05% of vanadium to rimming 
steel does not cause a noticeable deoxidation, and 
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Fig. 1—Solubility of nitrogen in iron containing 0.016% 
and 0.051% vanadium at 500° and 600° C. 





therefore does not inhibit the rimming action; this 
vanadium-treated steel is, however, claimed to be 
non-ageing. Following this patent, Epstein, Cutler, 
and Frame? have in fact shown that when annealed 
sheet tensile specimens of ordinary rimmed steel were 
subjected to light cold work, ageing was observed at 
100° C. within 24 hr.; similar treatment of aluminium- 
killed or vanadium-treated rimmed steels did not 
produce strain-ageing. These authors also discussed 
the advantages of using vanadium-treated rimmed 
steels instead of those killed with aluminium for the 
manufacture of high-quality deep-drawing sheets. 

Jones and Coombes’ also showed that vanadium- 
treated rimmed steels did not strain-age at or below 
100°C. The fact that vanadium, like aluminium, 
inhibits strain-ageing has so far been associated with 
the formation of stable nitrides; Pearson and Ende* 
have produced curves relating nitrogen in solid solu- 
tion against temperature for various total vanadium 
and nitrogen concentrations. According to these 
curves, steel containing, for example, 0-02% total 
vanadium and 0-006% total nitrogen should have 
about 6 x 10-* % nitrogen in solid solution at about 
600° C.; for the same total nitrogen content, increase 
in vanadium up to 0-03% should reduce the nitrogen 
in solid solution to an extremely small value at 
600° C., i.e. virtually all the nitrogen should combine 
with vanadium. These calculations, however, are only 
approximate in the absence of adequate thermo- 
dynamic data and cannot be correlated quantitatively 
with the heat-treatment conditions of stabilized steels 
which, according to practice, do not age at tempera- 
tures up to 100°C. after having been subjected to 
plastic deformation. 

The purpose of this work was to investigate whether 
small percentages of vanadium in steel could be 
responsible for the formation of nitrides at low 
nitrogen potentials and consequently lower the solu- 
bility of nitrogen in iron. 


EXPERIMENTS AND RESULTS 


Experiments 


In Part I of this series of papers® a full account was 
given of the work on the solubility of nitrogen in 
a-iron and y-iron and in a 2-83% Si iron alloy. The 
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same apparatus has been used for the present investi- 
gation, which consists of equilibrating iron, containing 
small percentages of vanadium, with ammonia- 
hydrogen mixtures and analysing the sample for 
nitrogen. 


Gas Analysis 


In every experiment the outgoing gas was analysed 
for ammonia by collecting a definite volume of the 
gas and passing it through a standard HCl solution 
in which ammonia was absorbed; the excess of HCl 
was then titrated with a standard solution of borax. 
It was found that at 500° and 600° C. the composition 
of the outgoing gas was practically the same as that 
of the incoming gas, indicating absence of measurable 
decomposition of ammonia at these temperatures. 


Materials 


Since only small percentages of vanadium are 
claimed to be needed to form nitrides in iron, the iron 
used in the present research contained correspondingly 
low proportions of vanadium. Two iron-vanadium 
alloys, containing 0:016% and 0-051% vanadium, 
were manufactured by Johnson Matthey and Co., Ltd., 
and were supplied in the form of ribbon, 0-002 in. 
thick and 1-5 in. wide. Spectrographic analysis 
indicated the impurities; C, Si, 8S, Mn, Cr, Ni, Mo, W, 
Ti, Co, Al, Sn, and Cu were all less than 0-01%. The 
nitrogen content of the alloys received from the 
manufacturers was of the order of 0-01%; after 
annealing in hydrogen for one day at or above 500° C. 
the metal was denitrided almost completely, i.e. 
0-0005% nitrogen, which is of the order of accuracy 
of analysis at low percentages of nitrogen. 





























Table I 
EXPERIMENTAL RESULTS 
l l 
= NHs gem,| yo, o. | Temp.,| Ns atm.| po, 
No. | °C. (H,)3 tetion N °C, | a)! | %) 
0:016% V-Fe Alloy | 0:051% V-Fe Alloy 
| } 
A1| 500 | 0-010 |0.002} C1 | 500 | 0.010 | 0.004 
2) ,, | 0-054 |0-012] 2) ,, | 0-010 |0.005 
3; . | 0-065 |0-014; 3) ,, | 0-022 | 0-006 
4| , | 0-090 |0-020] 4] 5, | 0-023 | 0-007 
5| 4, | 0-107 |0-023| 5] ,, | 0-035 | 0.009 
6| ,, | 0-112 |0-023} 6| ,, | 0-054 |0-014 
7| j | 0-117 |0-029] 7| |, | 0.057 | 0-016 
8| ; | 0-117 |0-028} 8| 5, | 0-123 |0-031 
9| ,, | 0-208 |0-052| 9| ,, | 0-190 |0-041 
10; ., | 0-235 |0-049] 10| ,, | 0-208 | 0-045 
11| ,, | 0-236 |0-053} 11/| ,, | 0-235 | 0-048 
12| 7” | 0-262 |0-060| 12) » | 0-236 |0-051 
13) ,, | 0-272 |0-064| 13| ,, | 0-291 | 2-10 
14; ,, | 0-291 |1-000] 14| ,, | 0-319 |1-20 
15 ,, | 0-319 | 1-78 | | 
| D1 | 600 | 0-054 | 0-044 
B1| 600 | 0-022 (0-912 | | 
olen | 0-041 | 0-033 | | | 
3} ., | 0-059 |0-045 | | 
4) ., | 0-083 | 0-060 | | | 
5| 4 | 0-105 | 0-081 | 
6| 4 | 0-111 | 0-078 | | 
7| . | 0-112 | 0-094 | 
8| 4 | 0-117 |0-101 | | 
9| , | 0-133 |2.26 | | 
| | | 
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Results 

The results of the experiments carried out at 500° 
and 600° C. are given in Table I. A relatively high 
nitrogen content of the original metal served a useful 

urpose in allowing equilibrium to be approached 
from high and low nitrogen contents. For example, 
in experiments A5, A7, and Cl the samples were 
equilibrated with the ammonia—hydrogen mixtures 
after a denitriding treatment, and in experiments A6, 
A8, and C2 no prior denitriding treatment was carried 
out; as shown in Table I, the final nitrogen contents 
of the metal in these three pairs of experiments are 
the same. In all cases, time of reaction in the furnace 
was more than 24 hr. which, as indicated by the 
previous work,® is long enough for the attainment of 
equilibrium between the gas and nitrogen dissolved 
in the metal foil. 

The reaction studied may be represented by the 
following expression: 


BETs()) = TN] ae NE gg) a0 ccccceeneccocces (1) 


where the brackets denote the solute dissolved in the 

metal. The equilibrium ratio of reaction (1) is given 

by: 

_p(NH,) | 
(p)(Hz) © [N%] 


’ 





In Figs. la and b, the ratio p(NH3)/(p)3(H;) is 
plotted against the percentage of nitrogen in the metal 
for temperatures 500° and 600° C. The experimental 
results lie on and very close to the lines reproduced 
from the work of Corney and Turkdogan.* It is clear 
that small percentages of vanadium do not affect to 
a measurable extent the activity coefficient of nitrogen 
dissolved in iron and, moreover, Henry’s law is obeyed 
for the solution of nitrogen in iron containing up to 
0-05% vanadium as well as in pure solid iron. It 
therefore follows that expression (2) represents the 
equilibrium constant of reaction (1). 

The important fact arising from the present work 
is that the presence of vanadium up to 0-05% does 
not seem to give rise to the formation of a nitride 
phase at nitrogen potentials much lower than those 
of iron nitride, Fe,N. The discontinuity of the lines 
drawn in Figs. la and 10 indicates the formation of 
iron nitride at 500° and 600° C.; the conditions for 
the formation of iron nitride reported here are 
concordant with the previous results.® Microscopic 
examination of the samples A14, A15, C13, and C14 
showed the presence of a nitride phase which should 
be Fe,N. 

If all the vanadium in the metal containing 0-051% 
vanadium had combined with nitrogen to form a 
‘V,N’ or ‘ VN’ phase, the samples would have con- 
tained 0:007% or 0-014% respectively more nitrogen 
than was actually determined. In other words, had 
the vanadium formed a nitride, the experimental 
points should have fallen on a curve like that shown 
schematically in Fig. 2. There is no evidence in Fig. 1 
for the displacement of the curve after the formation 
of a ‘vanadium nitride’ phase corresponding to 
0:007% or 0-014% nitrogen for the alloy containing 
0-051% vanadium, and one must assume that no 
nitride was formed. 
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Fig. 2—Schematic diagram illustrating the relationship 
between nitrogen potential and the concentration 
of nitrogen in an iron-vanadium alloy, when a 
‘ vanadium nitride’ phase forms 


It should be pointed out that because of the 
shortage of 0-05°% vanadium-iron alloy only one 
experiment could be carried out at 600° C. Since the 
vanadium and nitrogen solubility product should 
increase with temperature, it is clear that the nitrogen 
content of a given alloy in equilibrium with a vana- 
dium nitride at 600° C. will be higher than that at 
500° C. According to the results in Fig. la, in 0-05% 
vanadium-iron alloy, vanadium nitride does not form 
below 0-06% nitrogen; it follows therefore that at 
600° C. this critical nitrogen content of the alloy will 
be much higher than 0-06%, or it may even be higher 
than 0-1°% where iron nitride forms. 

In the analysis of the samples for nitrogen by a 
micro-Kjeldahl method, care was taken that the 
sulphuric acid was fumed long enough to ensure 
absence of any insoluble matter, and duplicate analysis 
agreed within + 0-001%. Concordant results were 
also obtained on duplicate experiments, e.g. 45 and 
A6; A7 and A8; A10 and All; B5, B6, B7, and Bs: 
Cl and C2; C3 and C4; C6 and C7; Cll and Cl2. If 
a vanadium nitride phase had existed under the 
present experimental conditions at 500° and 600° C. 
it should have been observed without much difficulty. 

A number of samples, free of iron nitride, were also 
examined microscopically, but there was no indication 
of the presence of a second phase when compared with 
a denitrided sample of the same alloy. 


DISCUSSION 


It is evident from the present experimental results 
that vanadium up to 0-05% in solution in «-iron is 
not sufficient to form a vanadium nitride phase below 
the nitrogen potential of iron nitride, Fe,N. The vast 
discrepancy between the findings of the present work 
and those predicted from the available data on 
vanadium nitride* may be caused by the uncertainty 
of the thermodynamic data on the ‘ VN’ solid solu- 
tion. The values given by Pearson and Ende* were 
based on the dissociation pressure of ‘ VN’ at 1203° 
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Table II 


SOLUBILITY OF NITROGEN IN IRON AND IRON- 
VANADIUM MELTS 


At 1600° C. under 1 atm. Pressure of Nitrogen 








” | s | Vv 
V, /0 | N, % | fy 
0 0-040 1-00 
0-1 0-044 0-99 
1-0 0-084 0-48 
2-5 | 0-150 | 0-27 











and 1271°C. measured by Slade and Higson,® 7 
together with entropy and heat-capacity data given 
by Kelley.® ® In their experiments, Slade and Higson 
filled the reaction chamber containing vanadium 
metal with nitrogen and measured the drop in pressure 
in the system at the two temperatures mentioned. 
They recorded that the final pressures of nitrogen 
observed were less than 0-2 and less than 1-5 mm. 
Hg at 1203° and 1271° C., respectively. Unfortunately 
these authors did not determine the phases present 
at the end of the experiment, but they assumed that 
the nitrogen combined with vanadium to form 
vanadium nitride, VN. 

The work carried out by Hahn’ on the vanadium— 
nitrogen binary system indicates the existence of two 
nitride solid solutions. Phase equilibrium measure- 
ments at 1000°C. indicate that VN (y phase) is a 
non-stoichiometric compound with a homogeneity 
range from VNj.99 to VNo.7, ic. from 21-6% to 
16-4% nitrogen. This phase has a cubic structure of 
the NaCl type and its lattice constant decreases with 
decrease in nitrogen content, e.g. for VN,.9, a = 
4-126 A., and for VNo.7,, a = 4:064 A. The second 
nitride phase (8 phase) identified by Hahn has a 
homogeneity range from VNo.43 to VNo.37, i.e. from 
10-5% to 9-3% nitrogen. The f phase has a close- 
packed hexagonal structure with lattice parameters 
a = 2-835 A., c = 4-541 A. at the upper phase limit 
and a = 2-831 A., c = 4-533 A. at the lower phase 
limit (lower nitrogen content). Some unpublished 
work recently carried out in B.I.S.R.A. laboratories 
confirmed the occurrence of the y and f phases 
identified by Hahn. 

Rostoker and Yamamoto" annealed a mixture of 
vanadium and vanadium nitride (total nitrogen 
content = 5%) at 900°C. for 170 hr. The X-ray 
diffraction pattern indicated the presence of a single 
phase having a body-centred tetragonal structure with 
the lattice parameters a = 2-988 A., c = 3-301 A. 
Since the lattice parameter of body-centred cubic 
vanadium is 3-04 A., the new structure in the presence 
of 5% nitrogen appears to be a distorted version of 
pure vanadium. It is not clear, however, from the 
work of these authors whether this body-centred 
tetragonal phase, which may be called « phase, 
actually represents the solid solution of nitrogen in 
pure vanadium or whether it is a third non-stoichio- 
metric compound between vanadium -nitrogen solid 
solution and the f phase. 

From the above observations it appears that the 
nitrogen partial pressures measured by Slade and 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


Higson may correspond to y or 8 phases or more 
probably to vanadium-nitrogen solid solution + « 
phase. The available thermodynamic data on vana- 
dium nitrides are by no means adequate to warrant 
even an approximate calculation of the conditions of 
nitride formation in iron containing some vanadium. 

Even if the thermodynamic data were available, 
calculation of the critical temperatures and composi- 
tions at which a ‘ vanadium nitride’ can form in 
ferrite would require adequate knowledge of the 
activities of nitrogen and vanadium in solution. In 
Part 1° it was shown that in the iron—nitrogen binary 
system Henry’s law is obeyed, i.e. activity is directly 
proportional to concentration. Darken and Gurry!? 
compiled all the available data on the solubility of 
nitrogen in molten iron and its alloys; the values in 
Table II are extracted from this source. 

In the solid state the values of fX, i.e. the effect of 
vanadium on the activity coefficient of nitrogen, may 
be somewhat smaller than those at 1600° C.; in spite 
of this, however, vanadium in solid solution at con- 
centrations less than 0-05°% is not expected to lower 
fx noticeably below unity. In fact this is shown by 
the results given in Fig. 1 indicating that, up to 
0-05%, vanadium, the solution of nitrogen in iron 
obeys Henry’s law, and also that fy = 1-0. 

On the other hand, it is rather doubtful whether the 
solution of vanadium in «-iron would obey Raoult’s 
law as it was assumed elsewhere.‘ It is to be noted 
that yf at infinite dilution in iron is, according to 
Chipman,!* equal to 0-12 at 1600°C. In «-iron the 
value of 7,’ may be even smaller. 

From the foregoing discussion it follows that the 
available thermodynamic data are not adequate to 
permit accurate prediction of the factors determining 
the formation of a vanadium nitride in solid iron. The 
present work in fact indicates that, at vanadium 
concentrations up to 0-05%, no nitride of vanadium 
is formed at 500° and probably at 600° C. 

These conclusions are not, however, concordant 
with the reported non-ageing behaviour of vanadium 
steels.'-? This apparent contradiction may be the 
result of the assumption that (i) only nitrogen in solid 
solution is responsible for strain-ageing and (ii) almost 
complete removal of nitrogen from solution by the 
formation of a stable nitride will inhibit strain-ageing. 
Although the present work does not throw any light 
on this phenomenon, it is appropriate to mention here 
a few anomalies observed in strain-ageing studies. 

It has been known for some time now that the 
occurrence of the yield point in metals is associated 
with the ageing phenomenon.!4-!® One should there- 
fore expect that if a metal has a yield point, it should 
strain-age after deformation. And yet steels treated 
with vanadium or killed by aluminium, although 
giving yield points after annealing, do not age below 
100° C. after being subjected to slight cold work.? 
Jones and Coombes showed that rimmed steels con- 
taining up to 0-1% vanadium strain-aged only at 
temperatures above 200°C., but no ageing was 
observed at and below 100° C. 

Leslie and Rickett?® investigated the influence of 
aluminium and silicon deoxidation on the strain-ageing 
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of low-carbon steels. They observed that steels con- 
taining 0-01% silicon and 0-013-0-144% aluminium 
strain-aged 3-7% even after furnace-cooling or very 
slow cooling from 870°C., ageing conditions being 
5 min. at 100°C. They stated that “ if elimination of 
ageing under these conditions is due to removal of 
nitrogen from solution by combination with the deoxidiz- 
ing elements, it is difficult to see why strain ageing was 
not eliminated in the steel containing 0-01 pet Si, 
0-144 pet Al and 0-004 pet N by formation of aluminium 
nitride. Very slow cooling from 1600° F favors complete 
formation of ALN.” These authors, by making use of 
the data produced by Darken, Smith, and Filer®4 on 
the formation of aluminium nitride in y-iron, showed 
that in their steel, containing 0-144°% total aluminium 
and 0-004% total nitrogen, the proportion of nitrogen 
in solid solution should have been about 6 x 10-®% 
in equilibrium with AIN at 760°C. Since the alu- 
minium and nitrogen solubility product, i.e. [Al%], 
[N%], decreases with temperature, the concentration 
of nitrogen in solid solution at 100° C. should be even 
smaller than this extremely low figure and much less 
than that required to produce strain-ageing. To 
ensure that carbon and sulphur were not responsible 
for the partial efficiency of aluminium in eliminating 
strain-ageing, Leslie and Rickett decarburized and 
desulphurized some of the samples in hydrogen, but 
the results were the same as those without hydrogen 
purification. These authors also observed that strain- 
ageing could be eliminated completely by using silicon 
together with aluminium in the deoxidation of steel. 

As pointed out in the early part of the paper, the 
vanadium and nitrogen solubility product is expected 
to increase with temperature. Although the vanadium 
nitride does not form at 500° C. in the alloys used in 
this work, at much lower temperatures there will be 
a strong tendency for the precipitation of this nitride. 
That is, in a vanadium-treated mild steel, nitrides 
could occur on cooling the steel very slowly from 
about 500°C. to room temperature. This view is 
supported by some recent work on the methods of 


analysis of steel for nitrogen.?* One of the samples 
used in these experiments was a vanadium-treated 
O.H. rimming steel containing 0-04% vanadium, and 
was in the form of a close-annealed cold-rolled sheet. 
The samples, when analysed by a ‘non-fuming’ 
method, gave about 0-001% nitrogen; when a 
‘fuming’ method was used, however, the total 
nitrogen was found to be about 0-004%. It appears 
that about 80% of the nitrogen was in the form of a 
stable nitride at room temperature. 

It is clear from the foregoing observations that 
further thought should be given to the influence of 
various alloying elements on the partial or complete 
elimination of strain-ageing as well as quench-ageing 
of steel. 


CONCLUSIONS 


The results of the present work indicate that the 
solubility of nitrogen in iron containing 0-016% and 
0-051% vanadium at 500° and 600° C. does not differ 
from that in pure iron. To establish the conditions 
which are necessary for the formation of ‘ vanadium 
nitrides ’ in iron, further experiments will be necessary 
with samples containing much higher percentages of 
vanadium; such experiments are in hand. 

The fact that vanadium appears to eliminate strain- 
ageing to some extent does not necessarily indicate 
the formation of a stable nitride in steel at very low 
percentages of vanadium. The presence of carbon, 
oxygen, and sulphur in mild steel should not be over- 
looked; it is possible that an element such as vanadium 
may tend to form complex compounds. The behaviour 
of vanadium in mild steel may not be directly com- 
parable with its effects in pure iron. 
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Flying Shears for Bars and Billets 


MECHANICAL DESIGN FEATURES 


Introduction 


THE INVENTION of the continuous rolling mill by 
Bedson, and the building of the first continuous rod 
mill by him in Manchester in 1862, heralded the end 
of an age in which the rolling of metal was universally 
accomplished in short lengths manhandled through 
each pass. Least of all the difficulties Bedson had 
to overcome in his first mill, and C. H. Morgan in 
the numerous later mills which bore his name, was 
the problem of disposing of the long lengths of material 
rolled. The small section final product of the rod 
mill could be coiled and handled in a manner which 
was then already well known in non-continuous mills. 

In 1892, when the first continuous billet mill was 
ordered, this difficulty had to be faced, and a shear 
was designed to cut a continuous 600-ft. length of 
1}-in. square billet, as it left the mill, into short 
lengths within the range 15-30 ft. V. E. Edwards, 
Chief Engineer of the Morgan Construction Company, 
was responsible for the invention and construction of 
the first ‘ flying shear,’ which was so simple in design, 
so rugged and efficient in operation, that essentially 
the same machine was in use and being manufactured 
for continuous mills throughout the world 50-60 years 
later. 

It is sad to reflect that this ingenious and simple 
design, which has dominated for so long, is now 
yielding to the exacting requirements of present-day 
rolling practice. Before explaining the reasons for 
this and discussing alternative solutions, mill shearing 
requirements must be investigated in detail. 


FLYING SHEAR DUTIES 


Apart from occasional remarks on specific features, 
this paper does not venture to cover the problems in 
shearing flat rolled products, which have already been 
adequately discussed by other authors.) ? It is limited 
to the stock associated with continuous bar, rod, and 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


By R. Stewartson, M.A., A.M.I.Mech.E. 


SYNOPSIS 


The duties required of flying shears fall into two categories—the 
cutting of thick, heavy stock at moderate speeds, and of thin, light 
material at high speeds. The effect of this on design is considered. 
together with basic linkages for each range, based on oscillatory 
and rotary motion. Typical installations are described, with assess- 
ment of the factors leading to the replacement of steam by electricity 
as a driving medium, and recent development in mechanisms 
suitable for electric drive. 1203 


billet mills, for which shear requirements are divisible 
into two groups: 
(i) The cutting of thick material at slow speeds, 
particularly: 
(a) In billet mills, cropping and cutting to length 
of the finished material 
(b) After the roughing train of rod and bar mills, 
for cropping and cutting cobbles into short 
lengths 
(ii) The cutting of thin material at high speeds, 
limited to cutting bar mill stock into cooling-bed 
lengths. 

Typical details are given in Table I. 

This variation in requirements follows naturally 
from the concept of continuous rolling, starting with 
a short, heavy piece, rolled at slow speeds and leading 
to long, thin stock rolled at high speeds. In a bar 
mill, the necessity for a flying shear only occurs when 
the finished section is so small that the length from 
a standard billet cannot be accommodated on the 
cooling bed, corresponding to sizes less than 1; in. 
dia. from a 3-in. billet 30 ft. long on a 250-ft. bed, 
and less than }% in. dia. from a 2}-in. billet on a 
300-ft. bed. In these cases, since the bar has to be 
re-sheared cold, high accuracy is not essential, but it 
is desirable to reduce scrap losses in cold shearing. 

In group (i) the thickness of the bar, particularly 
for billets delivered on the diagonal, is such that 
it takes the blades an appreciable time to cut through 
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Table I 
FLYING SHEAR REQUIREMENTS 





Group la 16 2 











Range of sizes | Billets 2-4 in. sq. | Various sections of cross sec- | j in. dia. up to }}-1 } in. 


12 ft.-30 ft., also front-end | 3 in.-3 ft. 
crops | 


| Slabs up to 10 in. wide x 24 | tion area from 3 to 5}sq.in. | dia. 

| in. thick 

| Sheet bar up to 12-15 in. wide | 
Range of speeds, | 200-800 300-800 | 1000-2000 
ft./min. | | 
Lengths to be cut | 120-400 ft. 


| High accuracy desirable 


+2 in. on 30 ft. to suit re- | Cropping within 3-6 in. 
but not essential 


heating furnaces Cobble cutting—pieces to be 
short enough for furnace scrap | 


Accuracy required 











| | 
| 


| pan | 








the material, and during this time their forward speed 
should synchronize roughly with that of the stock. 
In practice, a blade speed slightly in excess of the 
stock speed does not cause difficulty and is even 
desirable in order to clear the following piece. Nor- 
mally this excess is about 15%, but may be even as 
high as 40%, although there is then danger of pulling 
the succeeding piece and knuckling the tail end of 
the preceding stock. The blades should also travel, 
during the cutting part of their cycle, through parallel 
vertical paths (at right-angles to the stock), over- 
lapping at the end of the cut to give true shearing 
action. In order to reduce the possibility of bent ends, 
which would damage the furnace hearth during sub- 
sequent reheating, the horizontal motion of the blades 
needs careful design. 

With the thin material of (ii) there is no need for 
the blades to follow a parallel path, and a pure pinching 
action, which may not sever the bar completely but 
leave a thin connecting fin which easily breaks off, is 
permissible. Whilst forward blade speeds varying 
within the limits of 100-200% stock speed are feasible 
for thin strip, for merchant-mill cooling bed stock, 
low blade speeds lead to knuckling the following piece, 
which may then throw on to the bed prematurely. 
Excessive blade speed is equally serious since it may 
cause bending of the tail end of the previous piece, 
leading to unnecessary discard and also difficulty in 
moving the stock over the bed. Here again, about 
15% excess speed is found desirable. 

The high bar-delivery speeds in modern mills 
require very precise operation and control to give 
reasonable accuracy. 


SHEAR LOADS AND THEIR EFFECT ON DESIGN 


The design of a flying shear of any type depends 
upon two factors, namely, the shearing forces required 
to cut the stock, and the speed of cutting. The latter 
is implicit in the specification, but for the former the 
designer has very limited fundamental knowledge to 
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help him, as little work on the shearing of hot metals 
has been published. Possibly the earliest record is 
that referred to by Kilby,* in which the force required 
to shear a 13-in. mild-steel billet at ‘red heat’ was 
measured as 4-4 and 4-87 tons/sq. in., during succes- 
sive experiments in 1883. Designers of bloom shears 
for stationary stock use design figures of 3-5-5-5 
tons/sq. in. for mild steels at rolling temperatures, 
and higher figures for carbon and alloy steels. 

Chang and Swift* have thoroughly investigated the 
way in which cold materials shear, using slabs } in. 
deep and 1} in. wide in mild steel, brass, copper, 
aluminium, tin, and lead. They found different load 
penetration characteristics between ductile metals 
such as aluminium, tin, and lead, and the more brittle 
materials (particularly cold mild steel), and suggested 
that the difference may be due to the mode of develop- 
ment of cracks. In cold mild steel, these form early 
in the shearing process and tend to develop rapidly 
so that rupture may be complete at from 22 to 62%, 
penetration, but with more ductile materials they 
are rapidly evanescent, and may not appear at all 
in lead. The authors suggest ‘that pure lead may 
be regarded as a copybook standard of pure plastic 
shearing,’ and one would expect hot steel to exhibit 
similar properties. Figure 1, which is taken from the 
same paper, shows the form of the fracture of lead, 
and the load/penetration curve for different clearances. 
The effect of increased clearance is to permit greater 
bending at the edge and an ultimate fracture increas- 
ingly tensile in character, a trend visible in the 
sample bars of Fig. 19d, e, and f, which show initial 
bodily shear developing into a tearing fracture during 
the later stages of shearing. 

Curve (a) in Fig. 1 shows an average shearing load 
of 0-50 tons compared with a maximum of 0-88 tons 
reached at 12°, penetration, whilst in curve (6) the 
average of 0-72 tons compares with a maximum of 
0-95 tons at 17% penetration. It might therefore be 
expected that for hot mild steel having a maximum 
shearing stress of 5 tons/sq. in., with normal blade 
clearances, the average stress over the full shearing 
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(a) Progression of fracture at 22, 74, and 100% penetration. 





10% clearance 20% clearance 
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For the heavy billet, the 
shearing torque is about treble 
that required for acceleration, 
and the work done in shearing 
is over half the energy of the 
moving masses. For these con- 
ditions the shearing require- 
ments decide the power of the 
drive, and the strength and 
weight of the moving parts. 
Much of the energy for making 
the cut must be taken out of 
the moving masses, and the 
effect can clearly be seen in the 
oscillograph records of Fig. 9 
in the associated paper by 
Phelps,> as a momentary re- 
duction in both speed and 
motor load. The speed drop at 
the point of cutting is one 
further reason for running the 
shear slightly faster than the 
bar. 

With the smaller 2}-in. billet 
(b) Effect of the requirements for shearing 

clearance on are much reduced, while those 

cated for acceleration increase con- 
siderably and become the over- 
riding design factor. This limits 
the upper speed, particularly if 
the shear is made heavy enough 
to withstand the forces and 
provide stored energy for cut- 
ting thick material at low 
speeds. In other words, billet 


Clearance nil 





2400 T a > 


shears can only work within 
fairly well defined ranges. 

4 The trends of the above cal- 
culations indicate that for light 
material at high speeds the 
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cutting power requirements be- 
come insignificant, and since a 
simple action is adequate, the 
shear design becomes largely a 
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problem of rapid acceleration. 
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7 SHEAR LINKAGE 
1 . ‘ ' ! | . The problems of mechanical 
° 20 40 60 80 100 po design for cutting thick stock 


PENETRATION, “Io 


(c) Effect of clearance on load ; (a) Nil, (b) 10%, (c) 20%, (d) 30% 
Fig. 1—Fracture in shearing cold lead (Chang and Swift) 


stroke would be about 33 tons/sq. in. This approxi- 
mation permits an interesting comparison between 
power requirements for shearing and for accelerating 
the shear masses up to stock speed. A much simplified 
calculation, to give comparative figures for a hypo- 
thetical shear of the kind shown in Fig. 2c, is given 
in the Appendix and Table IV, and is summarized 
in Table IT. 
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can now be established as ob- 
taining a true shearing action 
with sturdy moving masses, of 
suitable inertia to provide a 
balance between power requirements for acceleration 
and stored energy to assist cutting. 

The linkages evolved to fit these conditions 
can be broadly divided into two types, depending on 
the principles of oscillatory and rotary motion. 

The first mention of the oscillatory type is due to 
the original shear devised by Edwards, shown dia- 
grammatically in Fig. 2a. The bottom blade is fixed 
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(a) Edwards shear linkage 
(b) steam shear suitable for electric drive 
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(ec) double crank and slider oscillatory shear 
(d) proposed shear combining motions of oscillation and rotation 


Fig. 2—Oscillatory shear linkages 


to a frame swinging about the trunnion A and carrying 
a slider B at the upper end of which the top blade is 
attached. This slider guides the two blades into 
parallel and overlapping paths to give true shearing. 
Operation is by the steam (or air) cylinder shown, 
via a connecting rod attached at D to the slider and 
a tension link pivoted at C. During its working stroke 
the cylinder pulls the frame in the direction of the 
bar and both blades move in ares about the centres 
A and C respectively. To clear the bar on the return 


Table II 


SHEARING AND ACCELERATION REQUIREMENTS 
FOR A BILLET SHEAR 








| 3 in. sq. 2} in. sq. 
Section | (anild stest) | (alld steal) 
Speed, ft./min. 265 | 480 
Average acceleration torque, 3370 | 3580 
Ib.ft. 
Max. shearing torque, Ib.ft. 10,000 4930 


Energy of moving parts after | 33,700 85,200 
acceleration, ft.lb. 
Work done in shearing, ft.lb. 17,400 7350 
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stroke the top blade can swing about the pivot D, 
but when cutting, the action of the links keeps it in 
contact with the bottom blade, whilst a dashpot is 
provided to prevent uncontrolled swinging. This 
action can be seen in Fig. 9 and a typical general 
arrangement is shown in Fig. 7. 

The motion of the blades (Fig. 2a) shows a slight 
disadvantage in that they are not at right-angles to 
the bar except at the centre of the cutting cycle, and 
the paths of both blades are arcuate, so that there is 
a tendency to bend the stock. 

Although the first example was built for a billet 
mill, the shear has been used widely for front end 
cropping in rod mills, a single shear serving multiple 
strands by arranging the top blade on a slider, capable 
of being lined up by hand with the particular strand 
to be cut. The action is not fast enough for continuous 
cobble cutting. 

A development of the steam shear, suitable for 
electric drive, is proposed in British Patent 718,477 
and shown in Fig. 2b. The blades are mounted in a 
sliding frame, hinged at its upper extremity B and 
operated by a crank rotating about A. The oscillation 
of the shear is effected by the same crank in con- 
junction with the swinging link AC, whilst the slight 
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(a) simple rotary shear and exaggerated blade path diagram showing 
effect of overlap 
(b) single blade and drum shear 
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(c) modified blade mounting to permit blade overlap 
(d) shear fitted in front of an intermediate stand of a rolling mill 


Fig. 3—Rotary shear linkages 


vertical movement of the upper blade frame, due to 
the swinging of C about A, is accommodated by a 
slot in the frame at B. The path of the leading (top) 
blade is almost horizontal, thus overcoming the 
objection in Edwards’ motion, but in order to allow 
clearance for the billet during and after the return 
stroke, it seems likely that the pass line would be 
well below the top blade, necessitating lifting of the 
stock during cutting, when the bottom blade would 
no doubt tend to bend the material on either side. 
The author is not aware that a shear of this type has 
ever been built. 

An improved mechanism, which has been built in 
the U.K., is shown in Fig. 2c. The two blades are 
mounted on sliding members forming the main shear 
frame, but an up-and-down motion is provided for 
both members by means of the cranks B and C 
rotating about the shaft A. A further crank D con- 
trols the swinging action of the shear through a bell 
crank lever EF and a link connected to the point G 
on the upper sliding member of the frame. The effect 
of the additional crank AB on the top blade motion 
is to lift it during the return part of the cycle, yet 
in combination with the swinging effect, keeping it 
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substantially horizontal during the cutting part of 
the cycle, as shown in the side diagram. The effect 
of the linkage on the movement of the bottom blade 
is nearly circular motion. This represents almost 
perfect blade action for shearing, since the top blade 
can be set level with the top of the billet during the 
actual cut, so that there is no lifting effect as the 
bottom blade makes the cut, and the system makes 
for good, undistorted billet ends. Figures 8 and 12 
also show the linkage with additional complications 
which will be described later. 

Figure 2d has been included as a matter of interest, 
since it shows a proposal!‘ for a shear combining the 
motions of oscillation and rotation. Both blades are 
mounted on arms pivoting about the cranks A and Al 
which are the main drive shafts and are geared 
together. The cranks provide the up-and-down motion 
of the blades, the swinging mechanism being taken 
from a cam D mounted on the main drive shaft A, 
and maintained in positive contact with a sliding link 
C by a pair of rollers. The action of the cam moves 
the link C from side to side, and its motion is trans- 
mitted to two geared segments linked back to an 
extension of the blade carriers. The are of swing of 
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(a) parallel link mechanism 
(6) crank and cam linkage 
(c) boudle crank and silder linkage 
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(d) four-bar chain linkage 
(e) crank and geared eccentric linkage 


Fig. 4—Modified rotary shear linkages 


the blade carriers, and hence their speed of horizontal 
movement during the cutting part of the cycle, can be 
controlled by setting the position of the slider F to 
vary the radius of the segment to which it is con- 
nected. The shear is meant to run continuously and 
part of the surface of the cam consists of two con- 
centric arcs corresponding to the extreme position of 
the blades, so that during this part of the cycle, the 
link C is momentarily stationary, when the swinging 
link can be disconnected by a dog clutch at Z and not 
brought in again until a further cut is required. It 
is not known whether a shear designed on this 
principle has ever been built. 


ROTARY SHEAR LINKAGES 


In general, oscillatory shears are unsuitable for 
continuous running, owing to the large out-of-balance 
forces which arise, and could cause severe vibrations 
unless the machine is brought to rest after each cut. 
However, with mechanisms based on rotary motion, 
reasonable balance of the moving parts can be 
attained, making continuous operation and thus the 
cutting of very short lengths possible. 

In its simplest form—and this is widely used for 
thin material—the rotary shear consists of two blades 
each mounted on a rotating crank, geared together 
and to a common drive as shown in Fig. 3a, and when 
run continuously at stock speed, it cuts the bar 
into lengths corresponding to the shear blade circum- 
ference. For thin strip, where speed synchronization 
is not so critical as with bars, a fairly wide range of 
cut lengths can be obtained by varying the shear 
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speed. However, a true shearing action is not possible, 
and, even if the blades are made to overlap, they will 
collide with each other shortly after their first inter- 
section, as shown in the greatly exaggerated blade 
path diagrams of Fig. 3a. A slight overlap of about 
sx in. is possible in the type of rotary shear commonly 
used for strip, where the crank radius is large and the 
drive is direct to the leading blade, i.e. the one first 
to make contact with the stock, the other crank being 
geared to it. In this case the backlash in the gears 
prevents the blades fouling. 

It is usual in strip shears to have the bottom blade 
leading and this is mounted on a solid drum to sup- 
port the stock between cuts. The drum circum- 
ference is in the form of a spiral starting at a maximum 
radius in front of the blade and finishing behind the 
blade at a radius less than that of the blade cutting 
edge by something greater than that of the maximum 
strip thickness. Thus, after a cut, the succeeding piece 
rests on the low part of the spiral and is gradually 
raised upwards into the cutting position. Ifthe bottom 
blade followed behind the top blade, at the point of 
contact the strip would be thrown violently up against 
the upper blade, causing marking over the width. 

In bar shears, on the other hand, it is desirable to 
have the bottom blade trailing, so that after cutting 
it will support the succeeding piece and help it across 
the gap to the next part of the table. This effect can 
be seen from Fig. 3a as opposed to 3c, which refers 
to strip. 

If there is no blade overlap, the cutting action is 
of necessity a pinching action unsuitable for thick 
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Fig. 5—Shear with clutch-connected flywheel 


material, and the stock on either side of the cut is, 
in theory, left connected by a thin web, equivalent 
in thickness to the clearance between the two blades. 
Actually this web invariably breaks off immediately 
after the cut and is shown clearly in Fig. 19a. The 
limiting thickness is such that the shear can be used 
after roughing trains for cropping and cobbling, and 
there is one of this type operating and claimed to be 
able to cut bars 14 in. sq., although no figures of blade 
life are available for such conditions. Since a con- 
necting web has to be tolerated, it could be argued 
that only one blade would be required, operating 
against a solid drum, and such a proposition has been 
put forward’ as shown in Fig. 3b, to obtain certain 
advantages in control which will be discussed later. 

Figure 3c shows a modified blade-mounting to 
permit blade overlap which has been developed to 
permit a true guillotine action (with inclined blades) 
in wide strip shearing. The blade shearing faces are 
not radial, but are such that at the point O of the 
beginning of the cut (see the side diagram), the 
shearing face of the upper (trailing blade) is vertical. 
At the same time the narrow face of the lower 
blade is arranged to be horizontal at this point to 
support the underside of the stock and, without 
pinching, push it against the vertical face of the top 
blade. Figure 1 shows that this provides a good 
shearing action at the most important part of the 
cutting stroke. On completing the cut, the blade 
paths intersect without interference. At the centre 
of the stroke it will be noted that unless the narrow 
face of the top blade is tangential to its circular path, 
one or other of the edges will have a tendency to dig 
into the severed end of the stock. The limitation of 
such a design lies in the weakening of the shear blades 
due to the sharp angles to which they must be ground. 

For certain applications a single cut is all that is 
required, and Fig. 3d shows a shear fitted in front of 
an intermediate stand of a rolling mill, to cut the bar 
in case of a cobble later in the train. The two blades 
are mounted on rotating arms actuated by a pair of 
pneumatic cylinders and maintained in correct mesh 
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by toothed quadrants, the full stroke covering the 
arcs A-C. Spring-loaded plungers are provided to 
arrest the blade carriers after the cut has been made. 
The principle of this shear has also been used for 
cropping in a twin-strand rod mill before the finishing 
train. 

To obtain a true shearing action in a rotary-type 
shear, some modification to the linkage is necessary. 
Perhaps the simplest is as shown in Fig. 4a where 
four cranks are used with the shear blades mounted 
on parallel-links.? The blades travel through true 
circles and are always perfectly vertical. The inertia 
of the system is, of course, raised considerably by the 
additional cranks and gearing connecting them 
(although this is not necessary from the linkage point 
of view nor is the inertia necessarily a disadvantage 
if heavy stock is to be cut as has been explained). 
The action of the blades is both up-and-down cutting, 
thus possibly providing some tendency to bend the 
billet ends. 

Another way of obtaining the same effect is shown 
in Fig. 4b where only a pair of cranks rotating about 
centres A and Al are used. The blade carriers are 
hinged at the ends of the two cranks and have 
extension bars fitted with rollers running in the cam 
tracks B and Bl. Each blade will follow a closed 
curve, but they can be kept vertical during the cutting 
part of the cycle by suitably shaping the cam tracks 
Band Bl. After the cut has been completed, the cam 
tracks are designed to accelerate the forward motion 
of the blades and so clear the path of the oncoming 
billet; but there is a fairly narrow geometrical limit 
to the shape of the cam track if it is to be restricted 
to the same line path on the forward and return 
strokes. 

Figure 4c shows a combination of a double crank 
and slider linkage.!° The two blades are each pivoted 
at the ends of cranks rotating about the centres A 
and Al and maintained parallel to one another by 
the sliding members shown. The motion of the blades 
is very similar to that of Fig. 4a, but as there are only 
two cranks, the inertia may be reduced. 

The linkage shown in Fig. 4d is another variation 
of the parallel-link motion of Fig. 4a and it is similar 
in some respects to Fig. 4b, except that the tail rod 
is controlled by a swinging link instead of following 
a cam guide. The primary purpose of keeping both 
blades vertical and parallel is thus achieved and this 
type of shear has been used successfully in North 
America! to cut squares from { to 1 in. side in a 
crop and cobble application for a rod mill. Compared 
with Fig. 4b it can be argued that the swinging link 
is more positive than the cam and roller, although 
even more limited in design of blade path. 

An improved motion can be effected by the arrange- 
ment of the bottom blade in Fig. 4e, which is a develop- 
ment of Fig. 4a with modified linkage lengths and the 
pivot B mounted on a crank, geared to rotate in the 
opposite direction to the main crank and at twice its 
speed. This gives a most useful action, for not only 
does the bottom blade perfectly support medium and 
light stock during its forward and horizontal motion 
(and thus prevent bending), but also its motion in 
relation to the top blade is such that with the bottom 
blade trailing, as shown in the diagram, the inter- 
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Fig. 6—Pendulum-type preliminary shear 


ference effect of Fig. 3a does not occur until after 
bottom dead centre, when the bottom blade acceler- 
ates forward faster than the top blade. A slight 
overlap is permissible. Thé first shear of this type 
has recently been installed in a two-strand rod mill 
in the U.K. for cropping and cobble cutting after the 
roughing train. It is illustrated in Fig. 22, which 
shows the blade mechanism clearly and is described 
in detail later. 

It has already been explained that, whilst low 
inertia of the shear parts is desirable for acceleration 
to high speeds, high inertia is equally desirable as a 


‘ store’ of energy when cutting thick stock at low 
speeds. A proposal to cover, to some extent, both 
requirements by a clutch-operated flywheel® is shown 
in Fig. 5. A flywheel F is mounted on one of the main 
crank shafts A of a rotary type of flying shear (one 
or more flywheels could be mounted on either shaft), 
and arranged close to the crank arm carrying the 
blade, so that it can take much of the additional torque 
of cutting before it is transmitted through the gears 
to the motor. It is disconnected for high-speed work 
and only brought into use to provide cutting energy 
for the low-speed, heavy section duty. Shears incor- 

porating this principle are now 

being manufactured in the U.K. 


SHEARS FOR THICK STOCK 


No mention has been made 
so far of a type of flying shear 
which is a not very spectacular 
but nevertheless important 
adjunct of any continuous bil- 
let, bar, or rod mill. This is 
the preliminary shear used to 
crop and divide stock entering 
the mill, and as such has to 
have the unusual characteristic 
of being able to cut both mov- 
ing and stationary material. 
The swinging pendulum-type 
shear of Fig. 6 is commonly 
used, with top and bottom 
blades sliding within one an- 
other under the action of two 
sets of eccentrics on the main 








overhead drive shaft. The 
shear can swine about this 
a) shaft—hence its name—when 








cutting moving stock, which is 


= 





Fig. 7—General arrangement of steam flying shear 
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thick enough to transmit the 
forward motion to the shear 
under the very slow speeds 
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Table III 


COMPARISON OF RUNNING COSTS FOR STEAM 
AND ELECTRIC SHEARS 








| Steam Shear | Electric Shear 
Maximum delivery 625 ft./min. | 650 ft./min. 
speed 
Billet sizes | 2-4 in. sq. | 2-4 in. sq. 
Slab sizes | 2 in. thick | Upto 8x2in. 
| 5-8 in. wide | 
| } 
Sheet bar sizes | Up to 16 in. | 10-36 Ib./ft. 


| wide 
10-36 Ib./ft. 


Billet mill production | 194,974 tons | 199,465 tons 
over 5 month period 


Average power cost | 3-70* | 0.7457 
per ton, pence 


Average maintenance | 2-75 2-23 
charges per ton in- | 
cluding shear blades, | 
pencet 





Total cost per ton, 6-45 
pence 








| 
| 
| 
| 


' 





* Based on 30 in. dia. x 28 in. stroke cylinder, 4} cuts per ton 
multiplied by two to cover leakage, condensate, and blow-out. 
Generating cost taken as 0-07d. per Ib. . 

t+ Based on a penny per unit. 

{ In both cases this excludes annual overhaul, which in the case 
of the 20-year-old steam shear might amount to an additional 0-2d. 
per ton. 





























© 
Top bel] P\ a 
LA os roller 
Entry on 
- ‘ . es rf ww aa a - 
> — - mt = > t= 
THINS 77 INT een 
M7, | blade 
hs /B 
ae ! 
Chal 2 ; 
_ : — i 
~~ \ E \ 
¢ <4 | C Air cylinder 
Pt ae _} 
F , 
7 
; PART SECTION YY 















encountered. The drive for the shearing action is 
provided by a continuously running motor with a 
slow-speed claw clutch. 

At the mill delivery end, and for cutting thick stock 
after bar and rod-mill roughing trains, the steam shear 
has given good service in the past, but it is now being 
replaced by electric types and it is interesting to 
consider the reasons. 

The detailed construction of a typical steam billet 
shear is shown in Fig. 7. When at rest, the cylinder 
has live steam pressure applied to both sides of the 
piston, and on initiating a cut the lower part of the 
cylinder is suddenly exhausted by a pilot-operated 
valve mounted on top of the cylinder. On completing 
the stroke the pilot valve is re-set and live steam 
re-admitted to the lower side; the difference in piston 
area caused by the piston rod on the upper face 
ensures a return to the set position. Figure 7 shows 
valve gear incorporating a quick return action effected 
by exhausting the upper side during the return stroke. 
The forward speed of the shear can be varied by setting 
a valve in the exhaust port to control the rate of 
exhaust, and usually each cut is initiated by the 
leading end of the stock striking a flag switch mounted 
in the run-out from the shear and connected to the 
pilot-valve tripping mechanism by cable or levers. 
The action of the shear can be seen in Fig. 9. 

The following features can be noted in comparison 
with electrically driven shears: 

(i) The action of the steam cylinder is ideal for rapid 
acceleration and an operation cycle of up to 50 cuts/ 


min. has been claimed, whilst 44 cuts/min. are regu- 
larly achieved on the billet shear of Table III. This 


Quill type \ D8 
— drive shaft 
= — * —_ = 
























Fig. 8—General arrangement of double-crank and swinging-link oscillatory-type shear 
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Fig. 10 Cooling bed following steam shear 


Fig. 9 Steam shear cutting 2}-in. billet 





Double crank and swinging-link oscilla- 
tory shear 





Fig. 13--Morgan electric shear for billets and sheet bar 











(1) 2}-in. billet from shear of Fig. 2e type 

(2) 2}-in. billet from steam shear 

(3) 4-in. billet from shear of Fig. 44 type 

(4) 3-in. billet from shear of Fig. 4h type 

(5) 2}-in. billet from shear of Fig. 46 type 

(6) 12-in } in. sheet bar from shear of Fig, 4b type 


Fig. 14—Sample cuts from billet shears 





Fig. 15—Morgan electric shears for a 3-strand 
rod-mill roughing train 





Fig. 16—Shear incorporating double crank and 
slider linkage (from entry side) 





Fig. 17—-Disc shear feeding double-sided cooling 
bed 


Stewartson 





A Front end of 5 gauge rod rolled from stock B 


B—%-in. f-in. * slug’ section 
('—F¥ront end of 3-in. dia, round rolled from stock D 
D—{-in. 1!-in. ‘slug’ section 


Fig. 18—-Sample cuts from disc shear after rod- 
mill roughing train 
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and 





rod- 











{ S-in. square cut inerop and cobble shear of Fig. 3a type 


B 3-in. round cut in cooling bed shear of Fig. 3a type 

( f-in. round cut in cooling bed shear of Fig. 3a ty p 

D1 i-in. round cut in crop and cobble shear of Fig. 44 ty ne 
Ff 2h-in, round cut in crop and cobble shear of Fig. 46 type 
F 1g-in. round cut in crop and cobble shear of Fig. 44 typ. 


Fig. 19 Sample cuts from rotary shears of the 
Fig. 3a and 4b types 





Fig. 20-—-Rotary shear with direct drive for cool- 
ing-bed application 


Fig. 22—Rotary shear with pneumatic 
clutch in drive for crop and cobble 
cutting 


Fig. 21—Rotary shear with magnetic clutch in 
drive for crop and cobble cutting 
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frequency of operation has not been exceeded by 
electric billet shears of the ‘ start-and-stop’ type 

(ii) On the other hand the action is not fast enough 
for continuous cobble-cutting in roughing mill trains, 
and even if attempted would involve very heavy strain 
on the working parts. At the same time the shear 
occupies a lot of space around the mill pass line and 
it is not feasible to have separate shears for individual 
strands. The hand-operated sliding blade normally 
provided to cover different strands is not suited for 
fast operation 

(iii) Steam consumption is heavy and expensive and 
continuous even when the shear is not used. The steam 
cycle is not efficient 

(iv) With careless attention and operation, main- 
tenance can be heavy, particularly if condensate is 
allowed to collect in the cylinder between ingots. It 
is usual to carry a complete spare shear and replace 
and overhaul annually. Compressed air has been used 
instead of steam in recent installations but this is an 
expensive form of power 

(v) The control system of the steam shear is quite 
accurate. 


The effect of the first four points can be seen from 
Table III, which gives comparisons of running costs 
between two shears in the U.K. which have been 
carefully assessed to give truly comparative figures. 
The steam consumption is difficult to measure, but 
the footnote shows how it has been calculated. 

Referring to (v), it is perhaps surprising how 
accurate and consistent can be the billet lengths cut 
by a steam shear. Figures 10 and 11 show cooling 
beds at steam- and electric-shear installations in the 
U.K.; they are representative of at least one other 
steam and one other electric shear with which the 
author is familiar. 

There is a fundamental reason for this. The steam- 
shear cycle already described is initiated by the 
front end of the stock striking a flag switch, and 
the time delay between this and the completion of 
the cut is very short, corresponding in one installa- 
tion in the U.K. to only 28} in. of billet travelling 
at 650 ft./min., i.e. 0-22 sec. This includes delay in 
the action of the flag switch, take-up of cable slack, 
and stretch-and-play in the valve linkage, together 
with the actual time of acceleration of the shear parts, 
which is very short. Variation in stock delivery speed, 
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Fig. 24-Simplified cutting cycle diagram for an electric 
stop-start shear 


due to roll diameter, main drive fluctuations, effects 
of interstand tension, alterations to draughting, and 
speed increase when the bar runs free from the mill, 
together with steam pressure variations, can only 
affect the 28} in. of length and a 5% alteration only 
amounts to 1? in. 

With an electric shear of the stop-and-start type, 
the acceleration period might be 0-6 sec. or more, 
corresponding to 78 in. of billet length at 650 ft./min., 
so that variations in external conditions have a 
correspondingly greater effect than in the short steam 
cycle. 

A typical overall cycle for such a shear is shown 
in Fig. 24; it occupies the equivalent of nearly 2} 
complete revolutions of the main crank, including 
acceleration, cutting and clearing the bar, decelera- 
tion and over-run from the starting point almost to 
a second cut (leading to the necessity for re-setting). 
This cycle might occupy 2} sec. or more, depending 
on the speed, thus limiting the capacity of the shear 
for short lengths. To overcome this, a continuously 
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SECTION XX 


Fig. 23—General arrangement of shear incorporating double crank and slider linkage 
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running cycle (described in detail by Phelps®) in which 
the effect of over-run is used to advantage by arrang- 
ing the shear to run at a slow speed between cuts, 
has been developed and permits the cutting of heavy 
stock at a rate approaching 60 cuts/min. The control 
system for one shear of this type is operated by limit 
switches in the drive, which bring in circuits previously 
set to correspond to billet length and speed, which 
accelerate the shear and after cutting, run it at slow 
speed. In such a case external factors occurring any- 
where over the whole cycle from cut to cut can affect 
length accuracy. A recent proposal to modify the 
control of this type of shear by using, to initiate the 
acceleration, a photocell set in the run-out at a 
distance from the shear determined by the billet 
length should improve accuracy, because only varia- 
tions in the shortened acceleration cycle would then 
affect billet length. In the U.K., electric billet shears 
are now operating with consistency well within +- 2 in. 
on length. 

An electric shear incorporating the double crank 
oscillatory mechanism of Fig. 2c has recently been 
designed and installed in the U.K. and is shown in 
detail in Figs. 8 and 12. It is of the stop-and-start 
type, controlled initially by a photocell mounted in 
advance of the shear, which, via a variable time delay, 
cuts off the crop end. (This operation is usually 
carried out by hand in the steam shear.) Subsequent 
cuts are initiated by an electronic counter which 
receives its input pulses from a notched wheel driven 
by a measuring roller in contact with the billet, so 
that, as in the steam-shear flag switch, the actual 
billet length is measured and used to control the cut. 

The simple linkage of Fig. 2c can be traced in 
Fig. 8, but in addition, a spring connection in the 
link ED, which controls the swinging action, is shown 
in the section about YY. This compresses slightly 
during the cut as the shear is set to run faster than 
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the bar, and when the material is severed the spring 
jumps the blades forward, clear of the billet, to break 
any sticking effect between it and the bottom blade, 
which might tend to bend the bar downwards as the 
bottom blade retracts. (In the steam shear the 
cushioning effect of the steam performs a similar 
action.) An air cylinder is also connected to the bell 
crank lever HF as shown in the section about XX 
and arranged such that at the end of the forward 
stroke the air is compressed, thus helping to retard 
the motion and assisting the acceleration on the return 
stroke. As a precaution against the bending of billets 
in the transverse direction, the shear can slide sideways 
into correct line with the mill pass, whilst two sets 
of pinch rolls 8 ft. and 18 ft. 6 in. after the last mill 
stand, which is 22} ft. from the shear, support the 
billet on its edge before entering the shear. They help 
to eliminate twist and are adjustable in height to 
direct the bar up or down slightly as required, to 
correspond to the path of the top blade. They also 
support the bar after its end leaves the last stand and 
prevent it falling over on to its flat side, particularly 
when stock is finished before the last stand. 

The drive is by two mill-type motors, each nominally 
of 200 h.p. at 420 r.p.m. but capable of delivering 
365 h.p. at a peak speed of 768 r.p.m. The operating 
speeds are as follows: 

7 in. x 2 in. slabs at 207 ft./min. 
3 in. sq. billets at 265 ft./min. 
2} in. sq. billets at 480 ft./min. 

In this particular case the specified duty is not 
severe since the required rate of cutting (at the highest 
speed) is 10 cuts in 42 sec., ie. 14-3 cuts/min., but 
a minimum cycle time of only 14 sec. has been 
achieved, to which must be added about | sec. for 
re-setting, making 24 sec. altogether between cuts. 
The optimate oscillatory linkage is well suited for this 
medium-speed, heavy-section duty. 




















(a) elevation of lifting blade disc shear 
(b) application of ,,,, ” 





End view of blades 











(c) application of rotating housing disc 
shear for cooling-bed operation 


Fig. 25—Disc shear: diagram of operation 
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Compared with the steam shear, the advantages 
claimed, apart from those common to electric drives in 
general, are a straight cut with little distortion of 
the billet end, and fairly shock-free operation, due 
to the flexible link and a long torsion shaft drive. 
These factors will no doubt lead to low maintenance 
charges. 

The shear linkage of Fig. 4b, known colloquially 
as the ‘ galloping ’ shear because of its unique action, 
has been applied to two installations for billet mills 
in the U.K., while one recently installed in the United 
States is capable of cutting sections of 25 sq. in. The 
capacity of one of the British installations is as 
follows: 


Mill product— 
Billets 2—4 in. sq. 
Slabs up to 8 in. x 2 in. 
Sheet bar down to } in. thick, weighing up to 
36 Ib. /ft. 
Quality— 
Mild and medium-carbon, silicon, and _silico- 
manganese steels 
Mill speed— 
Constant r.p.m. corresponding to: 
650-700 ft./min. in the final stand depending on 
section and roll dia. The shear is required to 
operate at 250 ft./min. to cover the heaviest 
material which is finished in earlier (and there- 
fore slower) stands 
Range of lengths cut— 
12 ft. to over 32 ft. at all speeds. 


The range of products cut by the shear is illustrated 
by 3, 4, 5, and 6 of Fig. 14, and a shop erection photo- 
graph of the equipment is given in Fig. 13 from which 
the driving arrangements can be seen. The two crank- 
shafts are each coupled to meshing gearwheels of equal 
diameter by means of gear-type couplings, one of 
which is adjustable to permit accurate registration of 
the blades. Engaging with each of these gear wheels 
is a pair of pinions, each driven by a 200-h.p. D.C. 
motor, giving a total driving power of 800 h.p. This 
considerable power is necessary to accelerate the mass 
of the drive system and shear parts for the high-speed 
duty. The mass is needed to provide stored energy 
and strength for the low-speed, heavy-section duty. 
The effect of the wider duty of this shear in com- 
parison with that of the preceding paragraphs is 
evident in the drive horsepower requirements. Pinch 
rolls, etc. to support the billet are provided as in the 
previous case. 

The drive incorporates the continuous running 
feature already described; a minimum cut of 12 ft. 
at 700 ft./min. corresponds to 58 cuts/min.—a con- 
siderable improvement over the best claim of the 
steam shear. Moreover, the accuracy of these short 
cuts is satisfactory and compares well with that of 
30-ft. lengths. Front crops average 6 in. in length. 

Figure 15 shows three shears of a similar type 
arranged in line for crop and cobble cutting in each 
of the three strands of a rod mill. Owing to the 
relatively light duty, the blades and the cranks, etc. 
are overhung on their shafts to improve accessibility. 

Figure 14 gives an interesting comparison of the 
type of cut made by the steam shear and the two 
electric types above. If properly set, a good cut can 
be made with either linkage, and the respective merits 
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of each type no doubt show under adverse conditions 
of setting and maintenance. 

Another British-designed shear, used at present for 
cropping and cobble cutting very heavy stock in a 
bar mill, is suitable for inclusion in this section, 
although it has not yet been applied to a billet mill. 
It incorporates the modified rotary linkage of Fig. 4c 
as shown in Figs. 16 and 23. The duty extends through 
the following range: 

Minimum size (for } in.—% in. finished size)— 

# in. dia. 

— on 12 in. nominal rolls and no forward 

Sil 
392-690 ft./min. 
Maximum size (for 14, 1%, 14 in. finished size)— 

24 in. dia. 

Speed (based as above) 
195-425 ft./min. 

The drive is by two mill-type D.C. motors rated at 
75 h.p. at 515 r.p.m. each driving, via a pinion, the 
main gears to which the cranks are connected, and 
which mesh together. All bearings are of the roller 
type except that on the crank pin, where, owing to 
space limitations, phosphor bronze is used. The slide 
bar is a steel forging of H section 6} in. thick x 10 in. 
deep, and the slides are of cast steel lined with bronze, 
the wear in the liners being capable of adjustment. 

Although not called for in the duty, the shear has 
operated under test at 915 ft./min., and the cutting 
cycle is similar to that shown in Fig. 24. 


SHEARS FOR THIN STOCK 


In the case of bar sections, the steam shear was 
limited to cropping after roughing trains, and its first 
successor, also used widely for cooling-bed work, was 
the disc shear, often known as the Rendleman shear 
because of its association with N. Rendleman of the 
Jones and Laughlin Steel Corp. in the United States. 
Its operation is shown in Fig. 25. It consists essentially 
of two rotating discs (Fig. 256) provided with knife 
edges, rotating on axes at 45° to the path of the bar 
which is guided through a trough or channel AB. This 
trough can be swung about a pivot at A by a rapidly 
acting pneumatic or hydraulic cylinder. Normally it 
is set so that the bar travels well clear of the entry bite 
of the two shear blades. When a cut is to be made, the 
trough is swung over so that the bar engages in the 
bite of the blades and their action draws it through, 
cutting it in the process. The very simple velocity 
diagram of Fig. 256 shows that for perfect action the 
peripheral velocity of the blade V,, should be equal to 
the resultant of the stock velocity V,, and the trough 
velocity V;, at right-angles to it, and this resultant 
should lie at 45° to the path of the bar. In other words, 
V, should be equal to V, and V»/4/2; but in practice 
at low bar speeds V, does not need to be exactly 
synchronous, since the cutting action takes place over 
a very short time interval and the shear blades them- 
selves help the bar through. With light stock at fast 
speeds, however, the trough action is more difficult 
to control, particularly if dependent on a variable air- 
pressure supply, and if too sharp, can cause kinking 
in the bar, cobbles at the shear, or premature throw- 
off on to the bed. 

For cooling-bed applications, if the bar is long 
enough to require a second cut, it is then necessary 
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to transfer it back to the other side of the shear 
blades by lifting them; alternatively the whole shear, 
including framework and drive motors, can be rotated 
45° into the dotted position of Fig. 25c so that reversal 
of the trough performs the second cut. This latter 
type has been used extensively for feeding double- 
sided cooling beds, since, after each cut, the moving 
trough directs the succeeding bar to either side of the 
shear in line with the corresponding side of the 
cooling bed. 

A typical example, shown in Fig. 17, can cut 1 in. 
dia. bar delivered at 1310 ft./min. and 3 in. dia. bar 
at 1980 ft./min. with a 15-h.p. variable-speed driving 
motor. The blades are 20 in. dia. with one face flat 
and the other chamfered. They are set with the flat 
faces vertically above one another, with 0-006 in. 
vertical clearance and are scrapped at 193 in. dia., the 
bottom blade being adjustable in height to accom- 
modate wear. 

Figure 25a also shows an elevation of the lifting- 
blade type which has separately driven blades, and 
the framework in which the top blade, its drive shaft, 
and motor are mounted can hinge about trunnions 
towards the rear of the shear via a rack and pinion 
mechanism in the shear frame. This also has the 


advantage of providing some adjustment for blade 
wear and reduction in blade diameter. It is ideally 
suited for single-sided cooling beds, since after each 
cut the bar is directed along the same path. It has 
also been used for double-sided beds (Fig. 25b) by 





Fig. 26—General arrangement 
of magnetic-clutch-operated 
rotary shear for cooling-bed 
operation 
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providing a pivoted guide plate after the shear to 
direct the bar to either side of the bed. With the guide 
plate (G) in the position shown in full in the diagram, 
a bar is being directed along the lower channel. To 
perform the next cut, the blades are lifted and the 
track AB is brought into line with the upper channel, 
then the blades are lowered and the guide plate G 
placed into the dotted position, to direct the next cut 
into the upper channel, but leaving space for the 
first bar to continue its journey into the lower channel. 
When the next cut is made the sudden jerking of the 
bar across the shear blade can occasionally bend the 
tail end of the first bar about the point of the guide 
plate G giving it a well-defined kink, which can be 
very serious and remain in the bar after cooling. 

A characteristic feature of the disc shear is that the 
bar is cut at an angle of 45°. This is felt by many 
operators to be an advantage in a roughing mill crop 
shear, since the pointed end assists entry right through 
the finishing train. Sample cuts are shown in Fig. 18: 
points are still visible on the final product, even (in 
the case of a 5 S.W.G. rod) after 12 subsequent passes. 
For cooling-bed work the shape of cut is not important 
since the material will be re-sheared when cold, but 
it might nevertheless be considered a disadvantage. 

The inability of the disc shear to cut cobbles con- 
tinuously has become a matter of concern in its 
application after rod- and bar-mill roughing trains, 
although a double-blade shear has been used in which 
a second cut, in the event of a cobble, can be taken, 
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and the following piece directed into a suitable channel 
for disposal. Such an arrangement is probably best 
suited to straightaway mills where an uninterrupted 
channel can be provided alongside, rather than in the 
more usual repeating mill, where there is difficulty 
in directing cobbles through the drive gear, etc., of 
the following stands. 

The modified rotary-type of shear is well suited 
for continuous cutting and two examples have already 
been described. Even the pure rotary type of Fig. 3a 
is remarkably versatile and can be applied after 
roughing trains in cases where the stock is not thick. 
A good example of the wide range of this type is that 
of a recent cooling-bed application in the U.K. (Fig. 
20). It has a crank radius of 12 in. and will cut up 
to 1; in. dia. bars in 0-80% C steel, and has operated 
in excess of 2000 ft./min. on 3-in. material, with the 
cuts obtained varying less than 6 in. on their length 
of about 200 ft. Some sample cuts in Fig. 19 show 
that a good shearing action can be obtained although 
the first sample in the diagram, from a similar type 
of shear, shows the characteristic fin obtained with 
excessive blade clearance. 

The machine is of the start-and-stop type with 
direct drive requiring two D.C. motors of 100 h.p. 
each. This large horsepower is typical of a machine, 
which, owing to the long lengths cut for cooling-bed 
work, must be of the start-and-stop type, and must 
be accelerated to maximum speed within about 250° 
of revolution (see operating cycle of Fig. 24). Only 
a small proportion of the power is needed for shearing, 
and to overcome this difficulty a number of designs 
have been marketed in which the high-speed motor 
and associated shafts and couplings, etc., are run 
continuously. The low-speed crank arms and gear 
wheels are then brought into service by means of a 
clutch. A flywheel is usually provided on the motor 
side to reduce the sudden demand for power during 
an operating cycle.!* This arrangement is limited to 
shears for thin stock, since the problems of clutch 
design, to accelerate the heavy masses and take the 
cutting load of a billet shear without excessive slip, 
are difficult. 

A pair of such shears, installed in a two-strand rod 
mill for crop and cobble cutting are shown in Fig. 21 
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HORIZONTAL MOVEMENT OF BOTTOM BLADE 


Fig. 27—Curve of bottom blade movement with time 
for shear of Fig. 22 
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whilst the general arrangement of Fig. 26 shows a 
similar type for cooling-bed work up to 2000 ft./min. 
This latter is driven by a 30-60-h.p. motor with a 
speed range of 450-1150 r.p.m., has a crank radius 
of 13? in. and is used for stock up to 1} in. dia. 
Coupled to the motor is a heavy flywheel, whilst the 
clutch consists of a disc A made of magnetic material 
and connected directly to the shear-blade crank gears. 
Controlling magnets are sited on either side at B and 
C, those at C being housed in a rotating member 
fitted with suitably lined clutch plates at D, coupled 
direct to the flywheel, and fed with a controlling 
magnetizing current via slip rings. On initiating the 
shear, the magnets at C are energized, thus drawing 
the disc A towards them and making contact with 
the clutch face D. After a cut has been made a limit 
switch disconnects the magnets C and energizes the 
second set at B, which bring the disc A into contact 
with a fixed brake lining #, which is mounted on a 
wormwheel normally held stationary. The designed 
torque of the clutch is 1450 lb.ft., for which the 
magnet pull would correspond to about 3 tons. 
Assuming a coefficient of friction of 0-27 between the 
clutch lining and the disc, about 133° of clutch slip 
(corresponding to a blade rotation of about 28°) would 
take place before the shear parts reach top speed—a 
much faster acceleration than would be obtained from 
a direct driven shear starting from rest. In this con- 
nection note that the inertia of the shear parts is kept 
to a minimum by the use of hollow fabricated gear 
wheels, the diameter of which is kept to a minimum 
by the interposition between them of the main-drive 
pinion and an idler (to maintain the correct direction 
of rotation). 

At high speeds, the deceleration of the shear leads 
to over-run past the starting position, and a small 
pilot motor driving a worm mating with the worm- 
wheel is then brought into action to return the brake 
E, the dise A, and the blades back to the set position. 
The lining of both brake and clutch are ingeniously 
arranged for rapid and accurate adjustment by 
providing the plates D with internal threads, so that 
they can be screwed into adjustment and then 
clamped by the small bolts and clamping pieces shown 
around the periphery of the plate. The pilot motor 
is unnecessary if great accuracy is not required and 
the bar speeds low enough to ensure no over-run. 

A recent development in the clutch drive is the use 
of a large-diameter pneumatic clutch, which enables 
very powerful pulling forces to be exerted and corres- 
pondingly large torques to be transmitted. The clutch 
can therefore be used on the low-speed side of the drive 
and the shear has capacity for heavy stock. The first 
shears of this type to be built, and incorporating the 
linkage of Fig. 4e, have recently been installed in the 
twin-strand crop and cobble application shown in 
Fig. 22. The clutch can be seen in the left foreground 
connected to the lower blade drive shaft, with an 
‘air flex’ brake coupled to the upper blade shaft. 
The operation of clutch and brake is by solenoid 
valves controlled from limit switches in the box visible 
behind the brake of the furthermost shear. The 
acceleration and braking can be carried out well 
within a single revolution, so that no resetting is 
necessary. A 15-h.p. motor is adequate for the duty 
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Fig. 28—Diagram of shear blade angles 


without overloading and can cut a maximum section 
of 1-72 sq. in. in cross-sectional area, but since the 
blades are mounted at 45° to the direction of bar travel 
(to give the pointing effect of the disc shear), the 
effective area is nearly 2} sq. in. The radius of the 
top crank is 9} in., and whilst the maximum speed 
required in the mill is 689 ft./min., tests indicate that 
the shear is capable of working at 1150 ft./min. 
Figure 27 shows a distance/time curve for the bottom 
blade taken from high-speed cinephotographs, on the 
test bed, with no stock being cut. The clutch was 
brought into operation for a single cut and the photo- 
graphs taken during the working part of a stroke. 
Point A is where the thickest stock would begin to 
be cut and it is interesting to note that the speed is 
constant over the cutting path. 

At 80 Ib./sq. in. air pressure, the clutch would exert 
an axial force of 46,000 lb. at a mean dia. of 27 in., 
corresponding to a torque of 28,000 lb.ft. with a 
coefficient of friction of 0-27. Comparing this with 
the magnetic clutch, it must be borne in mind that 
the latter is geared to the blade cranks and the torque 
is proportionately increased, but the torque capacity 
of the pneumatic clutch is very large. 

It has been suggested that the principle of swinging 
the bar into and out of the blade path as required, by 
means of a moving channel (as already described for 
the disc type), could be applied to a rotary shear 
running continuously!*; but this would certainly be 
limited in accuracy and to cuts that are multiples of 
the blade circumference and it shows little advantage 
over the disc shear. 

Another alternative to reduce the acceleration 
requirements is that of Fig. 3b in which only a single 
blade forms the stop-start section of the shear, making 
the cut against a continuously rotating drum which 
forms an anvil.? Two or three shears based on this 
principle or variations of it have been built on the 
Continent. In one example, used for tail-end cropping 
in a semi-continuous bar and rod mill, a drum of 
about 2 ft. dia. with two soft steel anvils (one for each 
strand) is rotated at bar speed by a D.C. drive. Two 
cutting blades are each suspended above the appro- 
priate anvil and pivoted at the ends of vertical slider 
bars actuated by cylinders. The blades, normally held 
at 30° in advance of bottom dead centre, are brought 
into contact with the bar by the cylinders when a cut 
is initiated, whence the rotating anvil and bar drag 
the blade along, causing it to dig into the stock. The 
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action is completed before the blade reaches the end 
of its travel at 30° after bottom dead centre. 

However, present trends are towards the use of 
either a stop-start direct drive or a clutch-operated 
shear of the pure rotary type for medium and thin 
bars. They more than make up for additional first 
cost compared with the disc shear by their improved 
accuracy for cooling-bed work, increased upper limit 
of thickness, and ability to cut up cobbles, which in 
turn can lead to improved yield. Their overhung 
design permits installation on multistrand lines and, 
although taking up more space than the disc shear, 
they can be easily moved out of the way if necessary, 
as they operate without complicated moving troughs 
which are always liable to cause bent ends. On the 
other hand, if the mill layout permits disposal of 
cobbles in long lengths and the operator likes a 
pointed end, the disc shear still has a useful applica- 
tion for cropping after roughing trains. 


CONCLUSIONS 


An attempt has been made to analyse the wide 
variety of methods and mechanisms for cutting bars 
at speed. The conditions in different mills and the 
conflicting requirements of speed, accuracy, and short- 
length cuts make it impossible to nominate any one 
shear for a particular duty. The next ten years may 
show the advantages and disadvantages of the various 
types proposed for similar duties (on the rare occasions 
when these occur). 

The gradual elimination of the steam shear which 
for so many years has performed a wide variety of 
functions with reasonable satisfaction is now taking 
place. Indeed, in many ways, and particularly for 
billets, it is dying very slowly, and is showing that 


Table IV 
HYPOTHETICAL SHEAR AS SHOWN IN FIG. 2e 
Billet size (length of side), 1 | 3 in. 2} in. 
Billet speed, V 265 ft./min. | 480 ft./min. 
Billet diagonal (allowing | 3-93 in. 2-95 in. 
for corners), 5 
25—85 | 
= -1] = ccs Sy } ° =) 
% = sin 11.25 | 403 | 474 
Forward blade speed 
=e Pee sina ft./min. | 0-64n | 0-728n 
Equating the above ex- | 
pression to 1-15V gives | 
n= 476 r.p.m. | 757 r.p.m. 
Acceleration time, t | 0-4 sec. 0-6 sec. 
Acceleration torque, ns | 3370 Ib.ft. | 3580 Ib.ft. 








Energy of system after | 
: n? 

acceleration, 5870 | 33,700 | 85,200 ft.1b. 
4 a 
At } penetration | 

11-25 — 0-668 
an a | ee ° | °) ’ 

a sin 11-25 50 | 55° 50 
Cross section of billet, A 8-88 sq. in. 5-00 sq. in. 
Max. cutting torque at 

motor shaft = 

il | 

4.5. =5.2240.A. tcos a’ 10,000 Ib.ft. 4930 Ib.ft. 

Work done to shear billet 
I 





on flat = 3-5.2240A. 75 17,400 ft.1b. | 7350 ft.Ib. 
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although the new electric types are proving their 
worth, there is still room for much improvement. 
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APPENDIX 


Approximate Calculations of Torque and 
Work in Accelerating and Shearing 
Let a torque 7' be required to accelerate uniformly 
a shear of inertia J (at the motor shaft) to a speed 
corresponding to a motor speed of  r.p.m. in time ¢. 
Assuming acceleration @ to be uniform 
aan 
602 
then from Newton’s second law 
7 1 _2aIn _ In 
~ g  60gt — 308¢ 
Energy of system after acceleration: 


a | (2%)’ - In? 


6= rad./sec.? 


29 29 \ 60) ~ 5870 


For the given shear let J = 872 ft.lb. at the motor 
shaft (including inertia of motor) with gear ratio 6 : 1. 
Assume top blade moves in straight path and bottom 
blade in a circle of 22} in. dia., with cut just complete 
at top dead centre. Assume also that the forward 
velocity of bottom blade at first point of contact with 
billet and during cut is equal to billet speed plus 15%. 

In Fig. 28 let a and a’ be the angle of first contact 
of billet and bottom blade, and the angle at one-third 
penetration, respectively. It is assumed for the 
purpose of this comparison that the maximum shear 
load occurs at 4 penetration, to allow for the varying 
cross section of the square on-edge in addition to the 
effect of Fig. 2 (see Table IV). 
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Flying Shears for 


ELECTRICAL REQUIREMENTS 


AS SHOWN BY the companion paper by Mr. R. 
Stewartson, the mechanical construction of flying 
shears can vary considerably, but electrically, in all 
cases, accuracy of ‘cut length’ is the predominant 
feature. Naturally, methods of achieving this can 
differ in many respects, and it would be an enormous 
task to cover all these types of control; accordingly, 
for the purpose of this paper, a selection of various 
types has been included. 


DRIVE MOTORS 

Relatively speaking, the drives for the rotary-disc 
shear are comparatively straightforward. In the case 
of a shear for a merchant rod mill, a fixed-speed A.C. 
motor can be used; in one application the rotor unit 
is fixed directly to the shear shaft, the speed selected 
being suitable to ensure that the disc or knife peri- 
pheral speed is greater than that of the stock to be 
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Bars and Billets 


By S. R. Phelps, A.M.1.E.E. 


SYNOPSIS 

The term * flying shears ’ embraces all types of shears that operate 
in conjunction with moving material. With the advent of modern 
mills, steam supplies are not readily available, and electrical manu- 
facturers have been called upon to exercise considerable ingenuity 
in applying electrical drives and contro] equipment for this applica- 
tion. The paper sets out to describe some of the applications and 
type of controls used. 1206 


cut (Fig. 1). When the disc shear is used in conjunction 
with a cooling bed of a bar mill, it is preferable to 
have a variable-speed drive, and hence D.C. motors 
are generally used (Fig. 2). In both these cases the 
motors run continuously, and so it is only necessary 
to calculate the shear load to determine the horse- 
power required. 
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When dealing with the heavy type of shear, whether 
a stop-start or continuous control is used, the horse- 
power requirement for ‘ cutting ’ is not ordinarily the 
primary interest. However, the motor should be such 
that it has sufficient torque to shear the material at 
a steady speed, i.e. without any assistance from any 
incidentally coupled inertia (Figs. 3 and 4). 

With the high mill speeds of today, probably the 
principal concern is the accelerating torque available 
at the shear shaft. If this is available, the duty cycle 
usually encountered is such that the problem of heat- 
ing (and thus r.m.s. horsepower) becomes of secondary 
importance. However, with the stop-start shear, the 
heating of the motor is important, as almost all the 
work is done in accelerating and decelerating the motor 
and shear. With a bar shear, for example, the 
work done during acceleration is often 9-10 times that 
during cutting, and this means that the r.m.s. value 
compared with the peak is high. More thought is now 
necessary in selecting the drive (or drives), and hence 
detailed information such as the following must be 
studied carefully: 

(1) The WR? of the shear at the shear shaft 
(2) The diameter of the shear head 
(3) The maximum and minimum speed of the 
material to be sheared 
The interval between cuts 
The estimated shearing load (in pounds) 
The are (in degrees) required for the cut. 


(4 
(5 
(6 
If the gears are necessary, the ratio can have a 
considerable effect on the time required for accelerat- 
ing the shear from rest up to a speed equivalent to 
the mill speed. Here optimum ratio would result in 
a minimum accelerating time. To solve the actual 
value of the optimum ratio, it is necessary that the 
inertia of the shear and of the motor, brake, and 
coupling should be known. 
The general case can be illustrated by the following*: 
Let Jm = Inertia of motor, brake, and coupling, 
Ib./sq. ft. 
Inertia of shear, lb./sq. ft. 
= Revolutions per minute of shear shaft at 
time of cut 
Tm = Average required torque at the motor 
shaft, lb.ft. 
tg = Accelerating time, sec. 
GR = Gear ratio. 
By re-arranging the equation 
Bice WR? x r.p.m. 
nil 308 ta 
and by separating the WR? into its J, and J, com- 
ponents, the equation can be expressed as follows: 
_Je+ Im(GR)* 
i, = 308 T'm(GR) Ws scese es wcssanes (1) 
For any one motor, 7',, is constant as long as the 
motor speed does not exceed the base speed. Since 
the r.p.m. of the shear is fixed for any one shear 
diameter and desired mill operating speed, the expres- 
sion (7.p.m.)/(3087',,) can be represented by a constant. 


Therefore 


Je 


r.p.m. 


| 


| 


ee a ee 
t, = K [as rm In(GR)| Me stlen eevente’ (2) 
By differentiating t, with respect to GR, equating 





* W. Reid, Iron Steel Eng., 1952, vol. 29, Feb., pp. 
81-84. 
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the result to zero, and solving for a point of inflection, 
it is found that 
eae Weare ce * 28 oe 

By substituting in equation (2) values of GR which 
are slightly greater or less than W(J,/Jm), it is found 
that the point of inflection represents a minimum 
value. Therefore, when the W R? of the motor, brake, 
and coupling, and the W R? of the shear, when referred 
to the same shaft, are exactly equal, the time to 
accelerate becomes a minimum value. It should be 
noted that the effect of friction has been omitted. 

So far as the minimum accelerating time is con- 
cerned, the optimum gear ratio is dependent solely 
upon the inertia of the shear and the combined inertia 
of the motor, brake, and coupling. The mill or motor 
speed does not enter into calculations for the optimum 
ratio. From equation (1) of the general case, it is 
obvious that the accelerating time is at a minimum 
when the motor torque is at a maximum. The charac- 
teristics of any D.C. motor are such that the full-load 
torque is available between zero r.p.m. and the r.p.m. 
at the base speed or full field setting. Using the 
computed optimum gear ratio, the shear head diameter 
and mill speed being known, the required motor 
r.p.m. can be calculated. If this is equal to or less 
than the motor base speed, the computed optimum 
gear ratio should be used. If the required motor 
r.p.m. is greater than the motor base speed, however, 
there are several alternatives. 

Firstly, the gear ratio may be varied from the 
optimum ratio in such a way as to bring the required 
motor r.p.m. down to base speed. This method results 
in a longer accelerating time, and the particular 
application must be checked to see if this increase 
can be tolerated. In many instances, the gear ratio 
chosen can vary considerably from the theoretical 
optimum ratio without materially affecting the 
minimum accelerating time. 

Secondly, if the motor is supplied by an adjustable- 
voltage generator, the voltage may be increased, thus 
increasing the motor speed up to a value at which 
the optimum gear ratio is suitable. In fact, rapid 
acceleration is obtained by ‘forcing’ the machine, 
i.e. supplying it with a voltage much greater than its 
nameplate rating. 

Thirdly, the motor field strength could be weakened 
so that the speed is increased to the value required 
when the theoretical optimum gear ratio is used. This 
method sacrifices the average available accelerating 
torque and thus increases the minimum accelerating 
time. It is not ordinarily used, except for applications 
in which the shear driving motor is supplied from a 
constant-voltage source. 

Depending on the horsepower, speed, etc., required, 
there is a limit to the size of motor used, owing to the 
increase of inertia; the ideal ratio of (motor inertia), 
(shear inertia) would be 1/1. Should two motors be 
necessary, advantages can be gained by coupling them 
in series mechanically: additional gearing is not 
needed, and the coupling point of the two motors can 
be utilized for the brake drum. 

The preceding studies are based upon the assump- 
tion of a constant inertia external to the driving motor. 
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Fig. 5—General view of electronic equipment for rotary 
disc shears 
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Fig. 6 -Detailed view of electronic control ‘ig. 7—General view of electronic counting 
panel for rotary disc shear equipment for stop-start shears 
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Invariably it is the time for acceleration which is so 
critical in considering the type and size of motor 
required, and so all rotating parts must be taken into 
account. Even the inertia of the motor pinions and 
couplings must therefore be considered. For example, 
in a typical billet shear with a 5:1 gear ratio, the 
pinion WR? is only 50 lb./sq. ft. If the gear ratio 
ig reduced to 1-:75:1, the pinion WR? becomes 
1000 lb./sq. ft. 

Torque will not be available from any motor—gear 
combination until the flux has been established. 
Hence, for example, the calculation of accelerating 
times for stop-start shears under Ward-—Leonard 
control, compared with constant-voltage drives 
accelerated by means of resistance steps, becomes 
much more complex, and the acceleration time must 
be calculated on a step-by-step basis going up the 
generator saturation curves, under whatever forcing 
conditions may apply. 

In addition to acceleration, kinetic energy, which 
is proportional to the square of velocity, must be taken 
into account. The large forces and torques required, 
particularly for shearing billets and slabs, can be 
relieved by giving suitable consideration to the range 
of rolling speeds. Additional energy can be provided 
by using a flywheel which can be brought into or 
dropped out of engagement by a clutch. The flywheel 
is used during the shearing of the largest sections at 
a minimum speed, and is idle at higher speeds. 

Figure 8 shows theoretical curves of shear speed 
plotted against shear degrees and also shear speed 
plotted against time, for a billet speed of 800 ft./min. 
The solid lines represent: a 30-ft. length of cut, for 
which a low speed of 100 ft./min. is required between 
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conditions for a 12-ft. cut, in which case the shear 
slows down to 470 ft./min. between cuts. As will be 
discussed later, the length of cut is determined by the 
reduced speed of the shear between successive cuts. 

Figure 9 is a reproduction of an oscillograph record 
taken on a 4 in. x 4 in. billet shear. The top curve 
shows shear speed and the lower motor current. 

Figures 8 and 9 illustrate quite clearly the very 
small time factor that is involved for acceleration, 
and also shows that a comparatively small percentage 
error may have a cumulative effect. ‘ 

Since the factors that have to be taken into account 
vary so widely between different mills, a study of 
individual cases must be made; in addition, the inter- 
relation between these factors is so complex in the 
aggregate that it would be very 
difficult to formulate hard-and- 
fast rules. It has been said that 
the electric drive for a shear can 
be likened to an electrical ex- 
plosion, but this ‘ explosion ’ 
must at all times be kept under 
control and must be capable of 
repeating itself continuously at 
intervals for very long periods. 


BILLET SHEARS 

For many years there has 
been a demand for an electric- 
ally driven shear capable of 
cutting billets into accurate 
lengths as they issue at comp- 
aratively high speeds from the 
final stand of the rolling mill. 

There are many inherent 
difficulties, including the need 
to match the speed of the shear 
knives with the speed of the 
billets at the time of the cut, 
while allowing sufficient range 
of adjustment in the length of 
cut pieces. Unless these speeds 
are properly synchronized, the 
cut will not be made properly, 
and, in addition to possible 
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severe damage to the shear, cobbles will occur in 
the rolling mill, thus causing waste and serious 
delays in production. 

The cutting action is carried out by the shear 
knives, which travel in a ‘ knife cycle’; the length 
of cut required can be carried out by either (a) the 
time taken for these knives to meet between cuts, or 
(6) one complete cycle in the shortest possible time 
and an interval of rest (depending on the length 
required) before the next operation. 


Stop-Start Shear 

In this type of shear, the drive rapidly accelerates 
the shear, cuts the material (at this stage the speed 
of the shear is greater than that of the stock), de- 
celerates, stops, and reverses slowly to the pre-set 
starting position for the next cut. Figure 10 is a 
general illustration of the requirements. 

The selection for this type of drive would be decided 
after studying the requirements of the mill, and it 
follows that this information is also required for the 
controls. The following figures give the requirements 
for a mill: 


Number of Cuts 


Max. Rate Normal Rate 
(for 2 hr.) (over 8 hr.) 
Speed, in 42 sec. + 30-sec. in 42 sec. + 48-sec. 
Product ft./min. pause pause 
2}-in. sq. billets 480 10 10 
3-in. sq. billets 265 6 6 
Tin. X 2in.slabs 207 4 4 


The drive for the shears consists of 2 motors, each 
of 200 h.p. at 230 V.; at 420 r.p.m. with an applied 
voltage of 420 V., however, they are capable of a 
maximum speed of 768 r.p.m. and 365 h.p. The 
motors, which are forced-ventilated, are mechanically 
coupled through the gears and connected electrically 
with the armatures and fields in parallel. These fields 
are separately excited from a 15-kW. 250-V. exciter, 
which permits ‘forcing’ of the fields. Shunt-con- 
nected brakes are included on both drives to ensure 
accurate and consistent stopping. Power for this 
equipment is derived from a 0-650-kW. 0-500-V. 
(600 V. ceiling) D.C. generator which is separately 
excited from a metadyne exciter. The generator is 
driven by a 700-h.p. 415-V. 3-phase 50-cycle syn- 
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Fig. 10—Bottom blade crank diagram for stop-start shear 
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chronous induction motor. Figure 11 is a block 
diagram of the control scheme. 

Before the control scheme is described in detail, 
it is as well to consider some of the limiting features 
at fast speeds (472 ft./min., which represents 7-85 
ft./sec. or just over 9 in. in 0-1 sec.). The estimated 
time taken for the shear to accelerate is 0-65 sec., 
so that the distance travelled by the material in this 
time is 5-12 ft. Hence, the distance of the measuring 
roll from the centre-line of the shear must be at least 
5 ft. 3 in. for the material to be measured over its 
complete length. 

In addition to cutting measured lengths, it is also 
necessary to crop the front end. This determines the 
position of the initiating switch (a flag or photo- 
electric cell device). For example, allowing a minimum 
crop of 6 in. on the fastest material and taking into 
account a minimum time of operation of 2 sec. on 
the crop-end delay relay, the distance travelled by 
the bar would be 21 ft. Allowing a maximum crop 
of 6 ft. on the slowest material, the distance travelled 
would be 27 ft. Translated into time, this means 2:65 
and 8-3 sec., respectively. 

The billet will depress the flag switch and, after a 
short delay (for the crop end), the shear starts up 
and makes the first cut. Simultaneously with the 
initiation of the first cut, the electronic measuring 
device is triggered and subsequent cuts follow accord- 
ing to the length selected. The measuring roll is 
running constantly at a speed slightly slower than 
the speed of the stock, and so it requires only a small 
increase to reach the same speed as the billet. Coupled 


to the measuring roll is a permanent magnet impulse 
generator, which consists of a four-toothed wheel; 
in rotating these teeth pass a pole piece wound with 
a coil of wire. As each tooth passes this pole piece 
an electrical impulse is generated in the coil, which is 
fed into an electronic amplifier where the number of 
impulses are counted. When the number of impulses 
received balance the number set up for the length 
to be cut, the electronic equipment gives a signal 
which starts the shear. Each impulse is arranged to 
correspond to 1} in. of travel of the periphery of the 
measuring roll, which allows the pre-setting dials to 
be arranged as follows: 

Ist dial counts in a scale of 8 in units of 14 in. 

2nd dial counts in a scale of 10 in units of | ft. 

3rd dial counts in a scale of 4 in units of 10 ft. 

Thus to cut a length of, say, 28 ft. 6 in., the first 
dial would be set to the fourth notch, the second to 
the eighth notch, and the third to the second notch. 
If the tooth on the impulse generator is not opposite 
the pickup coil, the circuit is so arranged that the 
counter does not begin counting until a tooth is 
opposite the pickup coil, which eliminates errors in 
the actual cut lengths. 

As shown by Fig. 11, the electronic equipment 
consists mainly of three units: a pulse shaper unit, 
a counting unit, and a trigger unit. The function of 
the first is to convert the shape of the impulse wave 
form into a ‘ hair-line ’ suitable for the counting unit. 
Depending on the dial settings, a signal is given to 
the trigger unit, which in turn actuates the control 
equipment. The essential feature is to accelerate the 

shear in the least possible time. 
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Fig. 11—Block diagram for stop-start shear 
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GEN directly to the shear bottom- 
blade shaft, through 1 : 1 gears, 
and controls the stopping of 
the shear, and the brake is used 
for final stopping and holding 
at rest in conjunction with 
suiciding on the generator. Con- 
METADYNE trols are provided for RUN, OFF, 

and INCH positions; the latter 

( 0000} REF. FLD. has an adjustable speed and 
permits operation up to about 
one-tenth speed. Alternative 
operation available in the event 
of a complete failure of the 
electronic equipment consists 
a. of a_ simple _ electromech- 
anical timer which initiates 
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the shear on a fixed time interval. This is, of course, 
not so accurate as the electronic equipment. Pro- 
tection of the shear rests mainly with two features, 
the CONTINUOUS-RUN and EMERGENCY STOP push- 
buttons. When the former is pressed, the shear will 
rotate continuously without stopping until the billet 
going through has been cleared, i.e. should trouble 
occur on the material, the shear will clear the metal 
in a form in which it can be handled instead of in one 
continuous length. These conditions also come into 
operation automatically should the shear fail to start 
after the signal has been given to the electronic 
equipment. When the EMERGENCY STOP push-button 
is pressed, all excitation is removed, the generator is 
suicided, the brake is dropped, and the circuit-breaker 
is tripped. It is only intended for use should either 
the electrical or the mechanical equipment be in 
imminent danger of severe damage; under ‘ emergency 
stop ’ conditions the shear is stopped as a safeguard 
to the electrical and mechanical equipment, even 
though a cobble may occur in the mill or long lengths 
of metal may go uncut through the shear. 


Continuous-Running Flying Shears* 

The equipment to be described is installed on a 
flying billet shear, which cuts billets on the corner 
up to 4 in. square at 250-650 ft./min. with a range 
of lengths of 12-30 ft. To appreciate the requirements, 
a brief review of the mechanical principles of the 
shear is necessary. 

Two crankshafts are used, mounted in bearings in 
a heavy C frame. Each crankshaft carries a knife- 
holder which is constructed with an extended tailrod. 





* J. H. Hitchcock and E. S. Murrah, Iron Steel Eng., 
1953, vol. 30, Nov., pp. 80-90. British Patents 628,905 
and 669,674. 
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A sturdy cam follower at the end of each tailrod 
operates in a grooved cam plate, which serves to keep 
the shear knives parallel to each other and normal 
to the billet during the cutting portion of the cycle. 
After the cut is completed, the shape of the cam 
accelerates the forward motion of the knives to clear 
the path of the oncoming billet. The two crankshafts 
are connected to equal gears through gear couplings, 
one of which is adjustable to permit easy and accurate 
registration of the knives. In turn two pinions, each 
driven by D.C. motors, engage each of the crank gears. 
If a shear of this type were to operate continuously 
at mill delivery speed, it would divide the product 
into lengths corresponding to the circumference of the 
crank circle. To obtain a length of cut greater or 
smaller than the circumference of the crank circle, 
the speed of the shear must be lowered or raised 
briefly between cuts to permit more or less of the 
product being sheared to pass through the knives. 
The relation between the crank-circle circumference 
and the chosen lengths of cut usually calls for retarda- 
tion rather than acceleration of the shear between cuts. 
The retard motion of the shear between cuts must 
necessarily be maintained with repetitive accuracy, 
and must be responsive to changes in speed of the 
billet if the divided lengths are to be uniform. Figure 8 
showed the theoretical curves of shear speed v. shear 
degrees and also shear speed v. time for a billet speed 
of 800 ft./min. The solid lines represent a 30-ft. 
length of cut for which a low speed of 100 ft./min. 
is required between cuts. The broken lines represent 
the corresponding conditions for a 12-ft. cut, in which 
case the shear slows down to 470 ft./min. between 
cuts. Thus the length of cut is determined by the 
present slow speed of the shear between successive 
cuts. 
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Electrically, the flying-shear installation is com- 
osed of the following main items: four drive motors 
200 h.p., 420 r.p.m., 230 V.) which drive the blades; 

one variable-voltage M.G. set with an output of 
500 kW., 600 V., 1000 r.p.m.; a generator exciter 
(12-5kW., 200 V., 1500 r.p.m.), amplidyne-connected; 
and a voltage pilot exciter, whose function is to 
control the field current of the generator exciter 
(1-2 kW., 200 V., 1500 r.p.m.). In addition, an 
amplidyne (0-24 kW., 200 V., 1450 r.p.m.) is used 
for stability control and reversing control in the 
generator exciter field circuit, and a constant potential 
exciter (30 kW., 250 V., 1500 r.p.m.) for supplying 
the main motor fields and all control relays. A rotary 
limit switch is geared 1 : 1 to the shear, to give the 
signals for slowing down and re-accelerating the shear. 

Figure 12 shows a simple layout for a typical billet- 
mill installation. More than one stand is driven by 
the mill motor, to which is attached the pilot gener- 
ator; provision is made should one of these stands 
not be required. The pinch rolls, located in front of 
the shear, serve to control the speed of the billet after 
the tail end leaves the finishing stand. 

Figure 13 is a partial elementary diagram of the 
basic armature, field, and regulating circuits of a 
typical billet shear. The motors are essentially 
constant-field machines whose speed is varied by 
variation of the generator voltage. This in turn is 
effected by varying the field strengths of the generator 
exciter. The generator exciter control field is con- 
nected eventually across the generator output, and 
thus forms a closed-loop system. Connected in series 
with the control field are the voltage pilot and ampli- 
dyne armatures. The voltage pilot exciter is driven 

—ve 


~~ 


from the main mill motor and its output is thus 
dependent on the speed of the mill for any given 
excitation. The actual finishing stand can be varied, 
and so it is necessary to make adjustments to the 
speed of the shear to correspond with the particular 
stand in use. By means of a stand selector switch, 
one of the relays (S4, S5, or S6) is energized, and 
these in turn arrange for contacts to be closed 

(a) In series with the voltage pilot exciter to vary the 
voltage according to the differing delivery speeds 

(b) In the bridge circuit across which the voltage pilot 
exciter is connected, to achieve the same effect 
as (a) 

(c) In the voltage pilot control field circuit, to pick 
up differing limit switches and thus vary the 
operating cycle of the shear according to the 
differing delivery speeds. 

When the generator is running and before the shear 
is running, a standing voltage is generated, the exciter 
control field being applied by the normally closed 
contacts of 2M. If the circuit-breaker controlling 
the constant potential exciter is closed, the shunt 
fields of all motors are energized. 

In operation the shear is started by the passage 
of the billet over the flag switch. This initiates a relay 
sequence which releases all brakes and puts the voltage 
pilot and amplidyne exciters in series with the 
generator exciter control field. With the machines 
now all connected, the speed and direction of rotation 
of the motors are governed by the current passing 
through the generator exciter control field. This 
current is determined by the output of the voltage 
pilot, which is arranged to buck the main generator 
voltage. This output is controlled by the cam limit 
switches, which are operated by the shear. Depending 
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Fig. 13—Partial elementary diagram of basic armature field and regulating circuits for continuous running 
flying shears 
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Fig. 14—General layout of rotary shear, fixed-blade type, on merchant bar mill 


on the selector switch, LS4, LS5, or LS6 are closed 
between the start and cuT positions of the shear, 
and they short-cut the length of cut resistances, 
thereby boosting the voltage pilot control field. This 
in turn boosts the main generator output and acceler- 
ates the shear. Immediately after the cut these limit 
switches are opened and the speed of the shear then 
depends on the rheostat set- 


tings. The length of the billet RSA 


cut is determined by the time 
taken for the shear to rotate, 
and it is interesting to note that 
this time is fixed by the shear 
itself, which operates the limit 
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With modern mills it is not practical to have a 
cooling bed of sufficient length to accommodate a 
‘full billet length.’ Accordingly the material has to 
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Fig. 15—Schematic diagram of spout control 
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Fig. 16—Sequence diagram— 
automatic cut 





be divided into suitable lengths 
to suit the conditions available. 

It is proposed to describe 
two types of rotary disc shear 
in use on merchant bar mills, 
one with a single drive motor 
and fixed shear blades, and the 
other with movable blades, and 
hence two motor drives. 

In both these cases, it is 
probably true to say that the 
actual shearing is the least pro- 
blem, the complication being 
the controls. A more detailed 
description of the combined 
sequence of events would there- 
fore be useful. These remarks 
also apply to a type of rotary 
disc shear used in a merchant 
rod mill (see next section). 
Rotary Disc Shear—Fixed- 

Blade Type 

The shear is placed between 
the finishing stand (10) of the 
mill and the cooling bed (see Fig. 
14). Essentially the shear con- 
sists of a drive motor (15 h.p., 
460 V. D.C., 400-1600 r.p.m.), 
which normally runs continu- 
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the shear body to make 
frequent traverses in alternate 
directions to cut the bars 
leaving the mill. Control of 
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IlOV.AC. 


racks. As shown in Fig. 18, an 
| insulated roller is used to con- 





trol the circuit, and again an 
electronic timer is used to take 
into account the varying 








110 / SOV. 


speeds. The location of the in- 
sulated roller is important 
owing to the impetus in speed 
of the bar when leaving the 
rollers. 
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Allowances must be made for 
the distance between the shear 
and the start of the cooling bed 
(to avoid distorted back ends) 
and also for the possible increase 
of speed in the bar when 


t 


— + — Insulated leaving the last stand. Provi- 
4x Roller sion has been made to allow for 
+— one or two cuts, and interlock 


TRI1A also ensures that, after 
the back end of the bar has 
passed the shear, the system is 
de-energized ready for the next 
operation. 








Hand-control of all opera- 
tions can be carried out from 
the main control pulpit or cool- 











ing-bed control station. Indica- 
tion lights are also installed to 








CO a | 
4: enable the cooling-bed operator 
= to verify on which side of the 
cooling bed the bar is travel- 


Fig. 18—Schematic diagram of automatic kick-off ling 


either side of the cooling bed, the bar being cut by 
forcing it between the rotating shear knives. After 
each cut the shear body traverses about a vertical 
axis through 90° to bring the knives into position 
for the next cut. 

Figures 15 and 16 show the circuit arrangement and 
sequence chart for the traverse equipment. The 
circuit is initiated by the front end of the bar energiz- 
ing the photo-electric cell, and thus allowing 7'R1, 
TRA, and 7'R2 to be energized. The bar then 
proceeds to one side of the cooling bed via runout 
rollers; the latter are individually driven, the motors 
being supplied from a variable-frequency alternator, 
of the salient-pole type (55-200 kVA., 234-468-1200 
r.p.m., 11-7-60 cycles). At the front end of the 
cooling bed, contact is made by the bar with an 
insulated roller, which in turn prepares the circuit for 
shearing (Fig. 17). The speed of the bar varies 
according to the size of material being rolled, and so 
to make allowance for this an electronic timer, with 
a range of 0-5-10 sec., is used. 

The method of setting up is achieved by initially 
operating on hand-control in conjunction with an 
indicating light. When the operator is satisfied with 
length of cut (i.e. the timer has been adjusted so that 
the manual operation coincides with the indication 
light), the auto-switch is closed and shearing becomes 
automatic. 

After being sheared the bar continues on down the 
cooling bed, where it is then kicked-off to the cooling 
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Rotary Disc Shear—Opening-Blade Type 

This shear consists of a pair of rotating disc knives, 
each knife being driven by a D.C. adjustable-speed 
shunt-wound motor. They are mounted so that one 
is directly above the other. They are electrically in 
parallel with a common field rheostat and sTART-STOP 
push-buttons. To take advantage of the flywheel 
effect, which is built into the drive, the pair of motors 
have a permanent line resistor, selected to give 
approximately a 10% drop in speed from no load to 
full load at base speed. 

A cut is made by forcing the stock between two 
rotating knives, after which these knives open to allow 
the shear switch guides to return to the cutting 
position. Figure 19 shows the general arrangement 
and also the scheme for opening the knives. The 
knives are at an angle of approximately 45° to the 
path of stock, and so the peripheral speed of the 
knives must be 1-415 times the stock speed. Switch 
guides ahead of the shear force the stock between the 
knives, and a deflector guide following the shear 
directs the oncoming stock to the cooling bed opposite 
the one to which the sheared length was delivered. 
When the mill is delivering heavier and shorter 
products which do not require shearing, the shear 
knives remain open and the switch and deflector 
guides direct successive lengths to alternate cooling 
beds. The switch and deflector guides are hydraulically 
operated, the operation actuated by electrically con- 
trolled solenoid valves. There are four primary modes 
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Fig. 19—General arrange- 
ment of rotary disc, 








Corresponds to Deenergized ; 
Valve Solenoid 


of operation, selected by a five-position maintaining- 
contact pistol-grip switch marked AUTOMATIC SWITCH 
—HAND SWITCH—OFF—HAND CUT—AUTOMATIC CUT. 
The signal-for automatic operation is provided by 
an insulated roller 25 ft. ahead of the shear, and works 
in conjunction with an electronic timer. Two other 
insulated rollers are used, one on either bed; these are 
100 ft. beyond the shear in the table to the cooling 
bed. The purpose of these rollers is to initiate timers 
which in turn determine the lengths delivered to the 
respective cooling beds. 
Assuming a delivery to No. 1 cooling bed and with 
a bar grounding roll A, the timer is started when the 
bar grounds roll B. At the end of the timing interval, 
roll A is still grounded, the cut cycle is initiated as 
follows: 
(1) Switch-guide valve solenoid energized (i.e. switch 
moves from pre-cut position to post-cut position) 
(2) Approximately 4 sec. after (1), the shear-knife 
valve solenoid is energized, thus opening the 
knives 
(83) Approximately 4—? sec. after (2), the switch-guide 
valve solenoid is de-energized and allows the 
switch to return to its pre-cut position 
(4) Approximately 1 sec. after (3), the shear-knife 
vaive solenoid is de-energized and the knives 
close. 


For delivery to cooling bed No. 2 with roller A still 
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opening-blade type 


To Open Knives 


grounded, the timer is started when roller C is 
grounded and the following sequence is started: 

(1) Deflector-guide valve solenoid is energized (i.e. it 

moves to the cut position) 

(2) Approximately 1 sec. after (1) the switch moves 

from pre-cut position to post-cut position. 
Approximately 4 sec. after (2) the knives open. 
Approximately 4—} sec. after (3) the switch returns 

to the pre-cut position. 
Approximately 1 sec. after (4) the knives close 
The deflector-guide valve solenoid is de-energized 
and thus the deflector returns to the back 
position, which allows the next bar to be directed 
to No. 1 cooling bed. 

If the tail end of the bar leaves roll A, the timer 
associated with roll A starts, and at the end of its 
turning interval (set to allow the tail end to clear the 
shear) allows the switch-guide valve solenoid to be 
energized, i.e. to move from the pre-cut to post-cut 
position and open the knives, thus allowing the next 
bar to be directed to the opposite cooling bed. 

All operations are arranged to be controlled by hand 
if required. 

MERCHANT ROD MILL—ROTARY BLADE SHEARS 

The mill is of the normal two-strand type—i.e. 
two billets may be rolled simultaneously (or inde- 
pendently); billets are about 30 ft. long x 2} in. 
square in cross-section. 
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It is well known that after the billet has passed 
through the roughing stands, the front end is some- 
what jagged, and to ensure the successful entry in 
the remaining stands this must be removed. Figure 20 
shows diagrammatically the layout of the shear and 
twist pipe equipment. 

It is necessary to cut the front end and, to avoid 
waste, this must obviously be kept to a minimum. 
The following gives the various speeds; it will be seen 
that, for example, when rolling 5/0 to cut 12 in., the 
time involved is in the order of 0-072 sec.: 

Delivery Speed at Stand 10, 


Rod Size ft./min 
4G 650 
5G 650 
4/0 660 
5/0 830 
7/0 580 
9/16 570 


Approximate area of cross-section when material is cut in all cases 
is 1 sq. in. 


The operating requirements are as follows. After 
leaving stand 10 the front end of the billet moves 
into the shear pipe, which, in its lower or ‘rest’ 
position (indicated by full lines), guides the billet 
below a pair of overlapping rotary shear blades. 
When the necessary amount of stock has passed, the 
pipe lifts, passing the material through the shear 
blades; these cut off the front end, which then falls 
into the scrap pit. The remainder of the stock passes 
over the shear blades (the direction of rotation of the 
blades assists in the upward. motion) into the twist 
pipe, whose function is to guide the material into 
stand 11. The pipe is ‘ slotted,’ and immediately the 
stock is engaged in stand 11 the pipe rotates through 
180°, which allows a loop to be formed, if necessary. 
The motions of the shear and twist pipes are effected 
by air pressure and the valves controlling the air 
supply are actuated by solenoids. The two strands 
have their separate shear twist-pipe controls, and so 
‘the four operations can take place in a short interval 
of time, or may even coincide with each other. At 


Stand 10* 


Shear Pipe 
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high speeds, in addition to the possibility of wastage 
and cobbles, continuous hand-control working would 
be virtually impossible. Accordingly, to overcome 
this, full use was made of electronic controls. 

Figure 5 shows the layout of the equipment used 
and Fig. 21 gives the general electrical scheme in 
block diagram form. ‘The photo-electric cells are 
situated between stands 9 and 10, one for each strand, 
and are ‘ watching’ for the front end of the stock. 
On its arrival, this illuminates the cell; the cell in 
turn operates a photo-electric relay which initiates 
the electronic timing control. The cell, which is 
located about 6 in. from the pass line, is subjected to 
intense heat, and its enclosure must therefore be 
water-cooled; in addition, it is in a very vulnerable 
position with regard to cobbles. Accordingly, the cell 
housing consists of strong inner and outer casings 
between which water flows continuously; water is also 
arranged to trickle over a quartz window facing the 
billet. 

Basically, the electronic units consist of an ‘ auto- 
load’ timing section (which ensures that all main 
valves are ready for load conditions,) a timing section 
(which determines the length of cut), and a bi-phase 
rectifier (which supplies the solenoids); the rectifica- 
tion is carried out by two thyratrons. 

As shown in Figs. 6 and 21, there are five separate 
units, which are mounted in the adjacent motor house. 
At any one time four of the units are in operation, 
the fifth being held ready as a spare. Changeover of 
units is effected by means of plugs and can in fact 
be carried out without loss of production; in addition 
to the spare unit, each unit can be used either for 
‘shear ’ or ‘ twist,’ a selector switch being incorporated 
to achieve this. 

The timing potentiometers are located in the main 
control pulpit, adjustments being made to suit the 
duty the unit is performing and the mill speed. 
Emergency controls are situated in the pulpit and 
also adjacent to the shear. 


Shear Blade 





























PLAN VIEW 


Fig. 20—Diagrammatic layout of shear and twist-pipe equipment 
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The drive for the shear is relatively straightforward 
and consists of two A.C. drives (2-5 h.p., 475 r.p.m., 
400 V., 3 phase), one motor for each blade. The rotor 
unit forms part of the shear-blade shaft, and they run 
at a constant speed, irrespective of mill speeds; the 
stock cut is approximately equal to 1 in. square in 
section, and under ‘ cutting’ and ‘load’ conditions 
very little additional electrical load is experienced. 


HOT STRIP MILL—MODIFICATIONS TO AN 
EXISTING SHEAR 


The preceding remarks have applied to new schemes, 
but, of course, modifications have been carried out 
on existing equipment. An example of this is a 
strip-mill flying shear installed in 1939, at a time 
when disadvantages of the hydraulic system and gear 
systems in general were being discovered. It was 
realized that much of the difficulty experienced was 
due to the shock nature of the load, and consequently 
Ward-Leonard equipment was installed, which is well 
suited for these conditions and at the same time gives 
means for determining the cut length. 


The shear is required to cut the strip in the form 
of plates over 4 in. thick into lengths of 12-22 ft. at 
any speed between 800 and 1450 ft./min. 

Originally, this was achieved by the use of selsyn 
transmitters, one driven directly from a mill stand 
and the other through a variable-ratio gear from the 
shear motor; these transmitters were compared in a 
differential selsyn, and when the rotor of the latter 
is stationary, the ratio of the shear motor speed and 
the strip speed is dependent on the setting of the 
variable-ratio gear. The mode of operation consisted 
of setting the variable-ratio gear to the value required 
for the cut length desired and using manual adjust- 
ment of a vernier rheostat in the generator field circuit 
to obtain matching of the speeds on the differential 
selsyn. 

This system worked very well and gave good results 
at that time, but it was found, however, that the 
indication obtained from the variable-speed gear 
became progressively less accurate. Additional errors 
were likely to occur through strain on the operator 
having to make allowances for screwdown settings, 
different roll diameters, etc. 
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Fig. 21—-General electrical scheme, shear and twist 
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Owing to the mill requirements, it is necessary to 
have an operator to set the shear for cut lengths, and 
so it was advantageous to make the revised equipment 
suitable for manual initiation only; subsequent 
analysis of the shearing operation showed that the 
skill required of the operator could be greatly reduced 
if a special matched acceleration system was used. 
Figure 22 is a block layout of the control scheme. 

The Ward-Leonard control is subdivided into two 
sections, coarse and fine. In the former the shear 
speed is represented by the voltage of #4 and the 
strip speed by that of exciter H3, which is driven by 
the last stand rolling strip. These are so arranged 
that the voltages oppose each other, and a difference 
will cause a current to flow through the first-stage 
field of the magnavolt H9F1, which is then amplified 
by the first-stage field of the magnavolt H10F1. The 
output of the magnavolt from the armature #10 then 
feeds the appropriate generator field. Exciter H8 
allows the live control to be effective in overriding 
the result required by the coarse regulating system. 

Special matched acceleration is required to ensure 
that the shear reaches its correct cutting speed (in 
excess of any strip speed used on the mill) when the 
knives meet. This is obtained by comparing the 
voltage across a shunt R6 in the main circuit with 
the voltage obtained from either of two exciters H6 


, LAST STAND 
C) ROLLING STRIP 
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and #7. The former provides the matched accelera- 
tion current limit and the latter the fixed current 
limit. 

It is necessary to change over the current limit to 
a fixed value, depending only on the capacity of the 
motors and generator, for the interval during which 
the shear cuts, since the matched acceleration torque 
may be very much less than the torque required 
during cutting. The matched acceleration feature 
ensures that the acceleration state is such that the 
shear gets up to the required cutting speed regardless 
of changes in cut length and in strip speed. The 
necessary voltage is obtained on the armature of L6 
by feeding its field from the armature of £3 via a 
rheostat. The latter is set according to the cut length 
so that this factor is taken into account. Both £3 
and #6 vary with the strip speed, being driven from 
stands, so that the voltage obtained on H6 depends 
on the factor S?/L?, where S = speed of strip, L = 
distance travelled. This type of acceleration ensures 
that acceleration takes place in a fixed angle of the 
shear’s movement and, since the acceleration time 
corresponds to a fixed distance of movement of the 
strip in the mill, estimation of the distance the end 
of a piece will travel during acceleration is made 
easier. 

The fine speed-regulating system uses exciter £1, 
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Fig. 22—Block layout for flying shear, control 
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driven by stand 8, and exciter #2, driven by the 
shear. These machines have their fields in series, so 
that balance is substantially independent of the 
voltage of the constant-voltage exciter which supplies 
them. For the same reason these exciters have con- 
stant loads comprising rheostats, and all changes for 
adjustment are made on these, thus avoiding the 
need to alter the loading or magnetic condition of 
the exciters. 

To summarize, the above system consists of magna- 
volt speed control with a superimposed electronic 
trimming, the latter arranged in such a way that the 
final speed depends almost entirely on the speed 
required to satisfy the electronic control. By this 
means the power required from the electronic control 
is kept to a minimum and high accuracy is main- 
tained. 

Controls are arranged for INCH, RESET, AUTOMATIC 
CROP, AUTOMATIC CUT LENGTHS, MANUAL CROP, and 
MANUAL CUT LENGTHS. 

In an emergency the magnavolt can be arranged 
to work independently of the electronic control and 
gives safe, though less accurate, control; in addition 
the electronic equipment can be used as an indication 
for manual control, so that the shear has in effect 
two standby modes of operation. 

The results achieved were extremely accurate, the 
operators finding it possible to cut lengths of plate 
which are consistently within } in. of the desired 
length; when there is little disturbance in the mill 
setting, the variation may be as little as + } in. 

By present-day rates of progress, an entirely 
different method of approach might be used, if this 
original scheme now required modification. 


SUMMARY OF CONTROL SYSTEMS AND THE 
USE OF ELECTRONICS 


From the previous remarks it will be apparent that 
the essence of all controls is the speed of operation. 
It should be emphasized that there are inherent 


OPEN TYPE OF CONTROL 





electrical delays and that not all mechanical designers 
appreciate some of the characteristics of electrical 
drives. For example, it is generally understood that 
a weak field produces increased speed in the case of 
a motor and a strong field produces high volts in the 
case of a generator. However, it is not sufficient to 
close the appropriate switch and expect the required 
effect immediately. Again, maximum torque is 
available from a motor with its strongest field (i.e. at 
its base speed). Hence for shears, such as used on 
billet mills, which have large drives, speed regulation 
and acceleration cannot be achieved by normal 
methods. 

By means of ‘ forcing ’ and by use of such devices 
as metadynes, amplidynes, magnavolt, electronics, 
etc., very rapid response is achieved. Mention has 
been made of the closed-loop system, and Fig. 23 
illustrates the essential differences between this and 
an open type of control. In the case of the latter, 
a reference is obtained from the circuit to be con- 
trolled and thence a correction is made; however, 
there is no provision to ensure that this is correct. 

Most regulators use closed-loop control. In this 
method of control a proportion of the controlled 
quantity is fed back and subtracted from the input 
or reference quantity, the difference being used to 
actuate the control chain. Accuracy of control 
depends on the amplification round the loop and speed 
of response depends on the combined characteristics 
of all the stages in the system. 

The requirements of high accuracy and/or speed of 
response have attendant dangers of instability. 
Stabilization is effected by adjustment of time- 
constants of individual elements and by the intro- 
duction of additional feedbacks through elements 
which produce a signal proportional to the rate of 
change of the quantity fed into them (e.g. trans- 
formers or capacitors). Anti-hunt and _ stabilizing 
circuits have been omitted from the various diagrams 
to avoid confusion with the essential circuits. 

For drives on shears for merchant bar mills, in the 
cases where a_ variable-fre- 
quency set is used for control. 
ling the cooling-bed roller 
drives, advantages may be ob- 
tained by utilizing an A.C. 
drive motor. The motor could 
be of the standard, totally 
enclosed type, and thus consid- 
erably cheaper than a D.C. 
drive, and the variation of speed 
would be automatically con- 
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trolled when changes were 
made to the cooling-bed drives 
to suit the material being rolled. 
































Contactor circuits for billet 
shears are in the main so ar- 
ranged so that their time of 
operation does not materially 
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Fig. 23—Diagram illustrating the essential difference between closed-loop 


and open control 
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affect the time sequence. How- 
ever, by means of photocells, 
electronic limit switches are 
available, thus again reducing 
the possibility of errors. It 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








262 PHELPS: ELECTRICAL REQUIREMENTS FOR FLYING SHEARS 


cannot be too strongly emphasized that the order 
of time is very small (e.g. at 1000 ft./min., approx. 
19 in. corresponds to 0-1 sec.), so that the amount 
of error through any time factor or equipment 
associated in these circuits must be taken care of. 
With billet shears, assuming that the requirements in 
the lengths required can be accommodated, a choice 
can be made of the stop-start or the continuous- 
running type. Both methods require some form of 
measuring system, and both having sources of possible 
errors. It would appear that the stop-start type could 
be used with advantage if the length to be controlled 
is operated after the shear (i.e. similar to the existing 
method of operating the steam shears). With this 
type of shear (and to a lesser extent with the con- 
tinuous-running type), the electrical supply system 
should be considered in relation to the heavy surge 
currents that follow from the operation. 

Common to all types of shears is the method of 
initiation; it is generally one of the following: flag 
switch, insulated rollers, or photo-electric cells. In 
addition to mechanical wear, the first two methods 
are prone to trouble from water and scale. The infra- 
red photo-cell, which can under special circumstances 
operate from temperatures as low as 100°C. and is 
mechanically robust, would appear to be the obvious 
choice. 

Instrumentation, particularly for large shears, 
appears to be well catered for; unfortunately the 
speed of operation is invariably so rapid that it is 
practically impossible to assimilate all the information 
available. It is problematical if it would not be 
advisable to install, in place of these instruments, a 
high-speed recorder, preferably with four pens, with 
facilities arranged for it to be inserted in the required 
circuit. 

It will be apparent that to obtain the desired results 
the use of electronics is inevitable. In addition to the 
actual application, attention here may be more use- 
fully focused on experience in the operation of the 
plant. With high-speed producing plant, maintenance 
must be possible with ease and speed. 


Methods in operation include the following: 


(a) Subdividing all electronic circuits into ‘ jack-in ’ 
units, so that in the event of one unit, such as an 
amplifier, failing, it may be replaced quickly by a 
sound substitute where D.C. amplifiers are involved; 
however, even this technique may not be satisfactory, 
because of the time taken to stabilize. 


(b) In addition to (a), further assistance can be 
gained by incorporating standard test sequences, 
where the sequence can be tried without actually 
operating the shear. For example, in certain circum- 
stances, and particularly with reference to valve 
failures, it is often possible to avoid loss of production 
by prevention rather than cure. For example, the 
ultimate failure of a valve is often preceded by a 
gradual loss of emission. By continual routine checks 
of the current flowing through each valve of the 
operational units, therefore, it is often possible to 
change a valve or unit before the faulty component 
has any adverse effect upon the overall performance. 
Figure 7 is a general view of the counting equipment 
for stop-start shears, which illustrates the points raised 
in (a) and (b) 


(c) Where the production cost of a breakdown is 
very expensive, a duplication of apparatus is prefer- 
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able. In addition, wherever possible hand control, 
without the ‘ electronics,’ should be installed, which 
ensures that production, even at a reduced rate, can 
still be maintained. 


Allied with ease of maintenance is the choice of 
staff. Invariably this is essentially the problem of 
training existing staff. There seems to be a diversity 
of opinion as to whether it is preferable (a) to train 
a radio technician as an industrial or (b) an industrial 
technician for radio. Comments on this problem would 
be extremely valuable to engineers, particularly in the 
steel industry. 

There is also an interesting divergence of opinion 
about the robustness of electronic equipment for 
industrial use and the question of valve life. It is 
generally regarded that motors, contactor equipment, 
etc., for steelworks are singularly robust, based on 
long experience, and a close relationship between 
electronic and power departments of firms might 
result in considerable benefits. In spite of somewhat 
low guarantee of valves (of the order of 1060 hr.), 
much longer life is achieved. Reliability of equipment 
can be gauged from the use of electronics on a rod 
mill shears. ‘Time lost due to electronic failure is 
infinitesimal and it is interesting to note that this 
equipment has performed some 4,000,000 operations 
during some 40,000 working hours. 

The controls for shears are of necessity somewhat 
complicated; however, since shear equipment forms 
part of a continuous process, the merits of each 
additional refinement should be very carefully con- 
sidered before installation. 


CONCLUSIONS 


From the detailed observations given in the com- 
panion paper by Mr. R. Stewartson, it is quite obvious 
that the replacement of steam shears by electric is 
an economic proposition. In addition, flexibility, 
accuracy of control, and ease of maintenance can be 
achieved. 

It will be appreciated that it is difficult to state 
categorically that a particular system should be used, 
owing to the complexity of mill requirements, but it 
is hoped that the attempts made to cover some of the 
applications will show, quite clearly, what can be 
achieved by electric controls. However, there is still 
considerable scope for achieving yet more accurate 
‘cutting’ throughout the various processes of the 
various steel products. 
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Roller-Straightening of Sections and Rails 


By W. A. J. Dinwoodie, B.Sc., M.I.Mech.E. 


Introduction 


TODAY straightness is one of the qualities demanded 
by the buyer of sections and rails. It is as essential 
in these mill products as correct profile, chemical 
composition, mechanical strength. The measure of 
how straight is straight has become more exact with 
the years and the tendency is for the size of rail and 
structural sections to increase. Straightening machines 
have been developed rapidly, permitting higher 
standards of straightness to be achieved and larger 
sections to be handled at higher speeds. 

Mill products, whether rails or joists, tees, angles, 
flats, or other shapes, are exposed to a number of 
handling operations between the time they leave the 
mill rolls and the end of the cooling period. Obstruc- 
tions in the roller tables and unsuitable or badly used 
transfer gear cause bends and kinks. The hot saw 
may be responsible for much trouble at the ends of 
the pieces. Mechanical damage on the cooling bank 
or even currents of cold air may cause the final 
product to be far from straight. In addition, a bar 
that is not symmetrical about both its axes will tend 
to cool curved. For example, a flat-bottomed rail will 
finish with a very considerable bend unless it is 
carefully nursed during cooling. So for many years 
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SYNOPSIS 

Although roller-straighteners have been used in British steelworks 
for many years, there are some unexplained phenomena and 
intriguing problems associated with them. It is only recently that 
the machines have been used in the U.K. for the heavier mill 
products. In this use the Continent has led whilst the U.S.A. has 
yet to be convinced. 

The paper surveys the roller-straightening process. It deals with 
the theory of straightening by bending and gives figures obtained 
from an actual load investigation. 

Machine design is described and alternative arrangements are 
discussed and illustrated. There is a section on rolls for the products 
usually handled in steelworks. 

The practical use of straighteners is outlined, and some guides 
to correct layout are mentioned. 1214 


it has been general practice to straighten such mill 
products. 

No doubt long ago the work was done by hand 
with a hammer, but was later mechanized and the 
gag press resulted. This is esse ntially a machine with 
two anvils and a reciprocating slide. The slide 
operates from a crankshaft with a reduction-gear 
drive embodying a flywheel and using an electric 
motor or steam engine for power. There is no clutch 
and the crankshaft runs continuously. <A_ safety 
device such as a slipping flywheel or shearing pin 
prevents a serious breakage if an overload should 
occur. The distance separating the anvils can be 
varied and some adjustment is needed, either in the 
head or in the anvils, so that different depths of section 
may be handled, and to ensure that the correct weight 
of blow is struck. 

The operator in charge of the press must judge 
by eye where the bend in the bar is. Then he must 
arrange the bar so that the bend is between the anvils 
and towards the reciprocating slide but not being 
touched by it. When everything is ready, the operator 
takes a block of metal and inserts it by hand between 
the bar and the slide in its back position. On the 
forward stroke of the slide the bar is struck a blow, 
after which the piece of metal or gag is lifted out by 
the operator. The blow bends the bar in the reverse 
direction and tends to remove the original out of 
straightness. This is illustrated in Fig. 

The bar will probably need a number of blows 
before it is reasonably straight. The operator must 
use judgment and manoeuvre the bar into a new 
position for each blow. ‘The process is slow and 
laborious. To keep up with the output of one mill four 
or five gag presses may be needed, each with its crew 
of operators and helpers. 

In the U.S.A. some heavy gag presses have been 
developed to deal with the large products of universal 
beam mills. These are massive machines in which 
all the operations have been mechanized so that a 
large press requires only one operator to manipulate 
the material and carry out the straightening. This 
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Fig. 1—Principle of gag press Co., Ltd., Coatbridge, Scotland. 
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is largely achieved by arranging a number of anvils 
at varying distances apart. Any pair of these can be 
quickly positioned or removed mechanically. Electric 
motors vary the distance of the ram from the plane 
of the anvil faces, while manipulating fingers and live 
rollers enable the bar to be brought quickly into the 
correct position. Machines of this type are also used 
on heavy rails. Some published figures suggest that 
on the average 8-12 blows are needed, requiring 
1}-2 min. per bar. 

A great improvement in straightening practice was 
the development of the roller-straightening machine. 
This consists of two banks of rolls, one above the 
other. One bank is driven continuously and the piece 
to be straightened passes through the machine between 
the upper and lower rolls. 

In earlier machines the rolls were positioned 
between two frames which carried the bearings, and 
the grooves in the rolls were designed to handle a 
number of sections of varying sizes. The process was 
now continuous. Straightening could be carried out 
much more quickly and without having to judge the 
irregularities of each individual bar. One roller- 
straightening machine would do the job of several 
gag presses and give better results. 

However, because of the side clearance between 
piece and roll (resulting from the range of sizes for 
which the roll was cut), the piece was not straightened 
in both planes. It was quite usual to put a piece 
through the machine two or three times. Also, as the 
rolls were situated between two side frames it was 
not easy to change rolls to suit a new section. Some 
machines had made roll changing easier by having 
one side frame on slides withdrawn by mechanical 
power, but it was still a slow operation. 

The next advance was the development of a roller- 
straightener with overhung rolls designed to fit the 
piece exactly. Because of the overhung design of the 
modern machine, rolls can be quickly changed. This 
makes it possible to have for each section a roll that 
will fit it accurately and will control it both vertically 
and horizontally. Now the piece can be straightened 
in both directions at the same time. One machine 
and a small crew will handle the whole mill output. 

In the U.K. for the past 50 years most of the light- 
and medium-weight sections have been straightened 
on roller-type machines, but it is only within the last 
four or five years that heavier sections and rails have 
been treated in this way. Europe, and particularly 
Germany, were ahead of us in this and their experience 
has influenced British designs and practice. In the 
U.S.A. rails are all straightened on gag presses and 
most of the heavy sections are dealt with in the same 
way. It seems that the U.S.A. is now realizing the 
advantages of roller-straightening, but they are 
handicapped in making a start on rails by the official 
railway specification. This requires a rail to be 
straightened on a gag press, and specifies the distance 
between anvils. However, a start will be made soon 
in the straightening of heavy sections by a roller- 
straightening machine, and no doubt the rest will 
follow. This paper discusses the theory of the straight- 
ening process. Design features of typical machines 
are described, and as well as a section on rolls, there 
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is a consideration of some points in the practical use 
of the machines. 


THEORY 


To straighten a bent rod by hand it is bent back- 
wards and past straight, so that when it is released 
it will spring back into a straight line. If there are 
a number of rods with varying bends each must be 
treated differently. The amount and direction of 
bend of each rod must be judged and the correct 
force applied to each in the right direction. If the 
rod has two or more bends in its length, each must 
be treated separately. This is exactly the situation 
when using a gag press. For each bar the amount of 
blow must be judged as well as the point of application. 
The bar must be manipulated and turned over so that 
it may be straightened in both directions. 

This treatment calls for a high degree of judgment 
and skill. It is slow because each bend must be treated 
separately and because of the considerable movement 
and manipulation which is needed. There is no smooth 
flow through a gag press. 

Now let us consider the theory of roller-straighten- 
ing. If three rolls are arranged in a triangle with one 
or all driven, a piece will pass through them and be 
continuously bent (see Fig. 2a). This is common 
knowledge, and the principle is used in plate-bending 
machines where a plate is bent into a circle. 

If a second triangle of three rolls is arranged, using 
two rolls out of the original triangle, the piece is bent 
in the opposite direction (Fig. 2b). The result will be 
that the piece will leave the second triangle with a 
known curvature. Whatever the original bend, the 
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Figs. 2a-c—Principle of straightening 
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Fig. 3—Determination of loads 


bar has been deflected first in one direction and then 
in the opposite, and it always comes out in the same 
are. All that is needed now is a fifth roll to remove the 
known curvature by giving the necessary reverse 
bend so that the piece will come out straight (Fig. 2c). 
This is the principle of the five-roller straightener. 

Today it is usual to have a minimum of seven 
rollers, the extra rollers giving the opportunity of 
more exact control and allowing straightness to be 
achieved more easily. With the lighter products it 
is usual to add another two rolls, making nine 
altogether. 

The bending and straightening which has been 
considered is in the vertical plane. Straightening is 
also necessary in the horizontal plane, as a bar may 
be bent in both directions. If the rolls can be arranged 
to control the piece sideways and to be adjustable 
axially, then precisely the same thing can be done in 
the horizontal plane and the piece may be straightened 
in both directions. The rolls are designed to control 
the bar sideways, and axial adjustment is a necessary 
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Figs. 4a and 6—Stress diagrams for rectangular section 
under bending load 
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part of modern straighteners. Thus, by correct vertical 
and axial adjustment, a piece can be straightened 
completely. 

At first sight it seems strange that to produce 
straightness the material is apparently subjected to 
a corrugating process. It is obviously necessary to 
bend the piece beyond its elastic limit, otherwise it 
would spring back to the original bent state. This 
means that some of the section is in a plastic con- 
dition, the amount depending upon the nature of the 
section and the degree of bend applied to it. As 
bending is first in one direction and then in the 
opposite, all the material on one side of the neutral 
axis is first in a state of tension and then in com- 
pression, the material on the other side of the neutral 
axis being, of course, the reverse. The whole of the 
section is worked in this way and, in addition, it is 
exposed to the driving force from the driven rolls 
which force the bar through the machine. The calcu- 
lation of the forces involved is not easy. It is not 
certain how the bar being handled should be regarded 
—as a beam free at the ends or as constrained. Neither 
the amount of the section made plastic is clear nor 
the allowance that should be made for the driving 
force. 

Some time ago, in an attempt to learn more about 
these forces, the author’s Company arranged for 
B.LS.R.A. to make a private investigation. The 
straightener used was a heavy seven-roll machine with 
four fixed and three adjustable spindles. Each 
adjustable spindle was carried on two vertical screws. 
Load cells were arranged between each screw and 
the bearing chock which it supported, thus permitting 
the vertical load on each adjustable spindle to be 
measured. 

At the rear end of each of the three spindles a 
special hollow cylinder was fitted. The axial load on 
the spindle had to go through this cylinder, which 
might be either in compression or tension. Strain 
gauges were suitably arranged so that the axial force 
could be measured. Figure 3 shows the arrangement. 

The test was applied to six different sections, 
including a rail. Each bar had its ‘ out-of-true’ 
recorded and the loads resulting from its passage 
through the straightener were measured. The speed. 
power consumption, and roll setting were also 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








266 


DINWOODIE: ROLLER-STRAIGHTENING OF SECTIONS AND RAILS 













































































Fig. 6—Drawing of spindle shown in Fig. 


recorded. As was expected, there appears to be a 
straight-line relationship between the vertical load 
and the section modulus. Power increases with speed 
of straightening. Within limits the same roll setting 
will straighten a bar whatever its speed. No matter 
how little or how much a bar is bent before entering 
the machine, the loads are not affected. This is not 
surprising since every piece is being subjected to 
drastic bending beyond the elastic limit, irrespective 
of its shape. What is remarkable is the almost com- 
plete absence of horizontal (i.e. axial) load recorded 
on the load cells. 

It is the normal practice to straighten joists on 
their sides. The vertical bending is thus about the 
‘ Y-Y’ axis, the axis of least resistance, and it is 
the modulus about this axis which is used in calcu- 
lating the vertical loads on the machine. At the same 
time, bars initially bent about the ‘ X—X ’ axis come 
out straight, and this straightening is performed 
apparently with a very modest load—something very 
much less than the vertical load. It would seem that 
if a piece is bent sufficiently about one axis its resis- 
tance about the other axis 








\ 


13 without gearwheel and external nut 


The stress diagram for a rectangular section under 
bending load is shown in Fig. 4a. If the outer layer 
is stressed to the yield point, the length f will represent 
the yield stress. During the straightening process 
more severe bending is needed, and the stress diagram 
becomes something like Fig. 4b. The higher stressing 
of the inner layers of the section can be obtained 
without appreciable increase in stress of the outer 
layers because we are working on the flat part of the 
stress/strain curve, marked ‘ab’ in Fig. 5. It is 
possible to increase the strain about six times without 
a marked increase in stress. 

A comparison of the moments about the neutral 
axis of the areas shown in Figs. 4a and 46 indicates 
that the bending moment for the state in Fig. 46 is 
at the most 14 times the bending moment in Fig. 4a. 

From the equation M/I = f/y we obtain MV = fl/y. 
The moment required for straightening M, is M, = 
1}f(yield) x I/y = 14 x fy x Z, where fy is the yield 
stress and Z is the section modulus. 

If the piece being straightened is considered as a 
centrally loaded beam with constrained ends, the 





almost disappears. However, 
as the loads in straightening are 
in keeping with bending about 
the axis of least resistance and 
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yet produce straightening about 
a much stiffer axis, it does 
seem as if this is a case of some- 
thing for nothing! Experiments 
are continuing to learn more 
about the forces involved, but 
this demands a special labora- 
tory rig as it is too difficult to 
obtain accurate measurements 
of all the dimensions, forces, 
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deflections, and so on in a i 4 +. 
machine on production in a 
steelworks. 


Whereas sections are straight- 
ened on their sides, it is the 
practice to deal with rails the 
right way up. They are thus 
bent about their axis of maxi- 
mum resistance. It seems that 
there might be advantages in 
straightening them on their 
sides. It is likely that this 











experiment has been tried, and 
it should be interesting to know 
with what success. 
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Fig. 7—Drawing elevation of 26-in. straightener with adjustable rollers 


in upper bank 
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Fig. 12 Spindle for use with backing rollers showing Fig. 13—-Spindle with roller-bearings throughout 


hardened ring in place 


showing front and back racial bearings and 
two thrust bearings. The screwed sleeve and 
external nut can also be seen 








Fig. 14—53-in. straightener in operation 


Fig. 15 -Beam passing through 7-roller straightener Fig. 16—Delivery side of straightener. Piling 
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bending moment at the centre of the span length 1 
is W1/8. If the piece is regarded as having free ends, 
the bending moment is W//4. 

If these values of the bending moment are equated 
to M, it is found that the vertical load W should lie 
between: 


w . 12x uxt 


na «2% fy x Z 


Many factors must affect the load on the spindles, 
such as roll diameter, roll setting, and the driving 
forces on the piece. Also, the amount of plasticity 
needed in a section is not known exactly. However, 
the actual loads, as measured during the B.LS.R.A. 
test, fall between the two values of W given above. 

For sections, W is approximately equal to 10.fy.Z/I, 
whilst for rails, W is approximately equal to 8.fy.Z/I. 
The reason for this difference between sections and 
rails is probably that rails are straightened right way 
up whilst sections are handled on their sides. 


DESIGN 


The roller-straightener is a machine with two banks 
of rolls, one above the other, and offset by half a 
pitch. It is usual for the total number of rolls to be 
odd. Five is the least possible number but modern 
machines have seven rolls as a minimum. ‘This is 
the number generally used for the heavy and medium 
straighteners. The machines for light sections have 
nine rolls or more. 

The horizontal pitch of the rolls is a compromise. 
The smaller the pitch, the larger the load on the rolls 
for a given section. The desire is to keep the pitch 
down to reduce the overall size and cost of the 
machine and to allow small sections to be handled. 
However, if the pitch is reduced too far, there will 
be no room for the spindles and bearings required to 
take the loads generated by the larger sections in the 
range. The designer must try out different pitches, 
calculating the maximum loads for each, until he 
finds the one at which he can conveniently accom- 
modate the machine parts of the necessary size. 

A straightener with horizontal centres of 53 in. can 
be made strong enough to handle the largest sections 
and rails rolled in the U.K. today. A smaller machine 
with centres of about 26 in. will go up to 12 in. x 5 in. 
joists, and 50 lb./yd. rails, whilst a still smaller machine 
with centres of 15 in. or so will deal with 4 in. x 3 in. 
joists. The 53 in. and 26 in. straighteners would have 
seven rolls, the 15 in. straightener, nine. 

Figures 6-16 illustrate straighteners both during 
shop erection and operating in a steelworks. They 
also illustrate various components and features 
mentioned in this section of the paper. 

Machines have been designed with mechanism 
allowing the horizontal pitch to be varied to increase 
the range which can be handled in one machine. It 
seems that any operating advantages obtained have 
not been worth the increase in cost and complexity, 
for there cannot be many such straighteners in use 
today. 

The bending and straightening forces are applied 
to the bar by the rolls which are carried on horizontal 
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spindles. The overhung design requires all the spindle 
bearings to be on one side of the roll, and calls for a 
spindle of generous size to prevent undue deflection. 
Spindles are of forged carbon or alloy steel and are 
long enough to keep their bearings well apart. The 
front bearing must be as close as possible to the roll 
and will carry the greater part of the vertical load. 
This load may be considerable and is applied sud- 
denly as each bar enters the bite of the rolls. 

The rear bearing has much less radial load to handle 
and it is generally arranged so that the axial load on 
the spindle is taken on thrust bearings at the rear end. 
Bearings may be plain, backing-roller, or all roller- 
bearing. 

In the backing-roller design, the front end of each 
spindle is backed by two rollers at 60°. The rollers 
are of specially hardened steel and are fitted with a 
short axle turning in roller-bearings. The spindle is 
fitted with a hardened steel ring shrunk in place, 
against which the rollers work. Since several inches 
of axial adjustment is required, the ring on the spindle 
is made wider than the backing rollers. With this 
arrangement the load is shared by four moderately 
sized roller-bearings and the spindle is free to move 
axially. Obviously, in the upper row of spindles the 
backing rollers are situated above them and something 
is needed to prevent the spindles dropping. This takes 
the form of small white-metal pads bearing on the 
underside of the spindles and with adjustment so that 
the spindles may be held up against their rollers. 

The roller-bearing design requires a double-row 
bearing and because of the axial movement the 
bearing must be housed in a cartridge in which it 
slides. The rear bearing may be a plain white-metal- 
lined journal-bearing with phosphor-bronze thrust 
rings. Alternatively, a roller-bearing with separate 
roller-thrust elements is used. Any of the bearings 
which have been described, with good design, manu- 
facture, and lubrication, will give excellent service in 
the steelworks. 

To provide axial adjustment of the spindle and also 
take axial load in either direction demands rather 
complicated arrangements. These generally are at the 
rear of the spindle. Here a sleeve is fitted in which 
the spindle can rotate but not move axially. The 
sleeve has an external thread and carries a nut which 
can be turned by handwheel or electric motor. The 
nut is located between two thrust faces, carried in the 
machine frame. Thus rotation of the nut will cause 
the sleeve and the spindle to move axially. All the 
mechanism is totally enclosed and operates in oil. 

There are designs for providing axial adjustment 
at the front end of the spindles. These are attractive 
in being less complicated and they also simplify the 
bearing arrangements. However, they suffer from 
being exposed to scale and to mechanical damage. 

In a typical seven-roller straightener with 53-in. 
centres, there will be four rolls in the top bank with 
three underneath. The four upper rolls will be driven, 
the three lower will be idlers. Since the machine must 
handle a range of sections and must be able to apply 
the correct amount of bend to each, the distance 
between the upper and lower rolls must be variable. 
In practice, each of the three lower rolls is made to 
be adjustable vertically. The bearings of the upper 
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Fig. 17—Roll counterbalance 


spindles are therefore housed in the machine frame 
allowing the spindles only axial adjustment. The 
bearings of the lower spindles are carried in separate 
bearing chocks. These are. machined castings, 
situated in windows in the main frame, and supported 
on two vertical screws projecting from the base por- 
tion of the frame. Each pair of screws is raised and 
lowered by nuts and worms driven from a cross-shaft 
turned by a geared motor. Thus, by operating the 
motor push-button, any of the three lower rolls can 
be raised or lowered. An indicator shows the setting. 

The point of support on the front screw must be 
beyond the point of application of the load on the 
spindle. Without this there might be no downward 
load on the rear screw and the bearing chock would 
tend to pivot on the front screw. Since the main 
frame must carry the front and rear spindle bearings 
it can be conveniently fabricated by welding, using 
substantial front and back plates. The frame for 
large straighteners is very big and may be made in 
two pieces which, after machining, are secured 
together with substantial through-bolts. 

The machine is driven by an electric motor through 
a reduction gear box external to the machine frame. 
For a 53-in. straightener, 250 h.p. is adequate, and 
the motor should be two-speed alternating cur- 
rent. The gear box is arranged to give two alterna- 
tive reductions and these with the two motor speeds 
give four straightening speeds. By careful choice of 
gears and motor speeds, a satisfactory spread of 
operating speeds can be obtained. 

The output shaft from the gear box drives, through 
a flexible coupling, a pinion in the main frame. From 
this a train of spur gears distribute the drive to the 
four spindles. The pinion and distributing gear-shaft 
bearings are in the front and back plates of the frame. 
By suitable enclosure the upper part of the frame is 
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and universal spindle-drives to 

the rolls that are adjustable 

vertically. It would probably 

be ideal to have all rolls driven 

but it appears that the com- 

plications and cost would not 
be worthwhile. Satisfactory results are obtained 
without driving all the rolls. 

In addition to the straightening rolls on horizontal 
spindles, some machines have a pair of guide rollers 
on vertical spindles at the ingoing and outgoing sides. 
These rollers are driven from the first and last spindle 
drives so that their speed matches the straightening 
speed. They must be adjustable for distance apart 
so that they can be brought to the width of the piece 
being handled. Also, since they may be subject to 
considerable side-load from distorted bars (particu- 
larly at the entry side), the rollers are cushioned with 
springs and their drive is protected by a slipping clutch 
device. Properly adjusted, these rollers do guide the 
piece into the straightener and provide an additional 
drive which is helpful with outgoing short lengths. 
They are not intended to contribute to the actual 
straightening by doing work on the piece but some 
operators claim that they assist in controlling side 
sweep. 

Rolls are generally mounted on sleeves which are 
slipped over the spindle ends and secured with nuts. 
This arrangement protects the spindle ends from wear 
and damage and speeds up roll changing. Since the 
lower rolls are raised and lowered to suit the depth 
of section being straightened, the level of the bottom 
edge of the section will vary. Sometimes it will be 
just over the level of the ingoing roller table: some- 
times it will be well above it. If the difference in level 
is too great, the leading end of the bar will not ride 
over the first bottom roll. It is necessary to have a 
lifting device, close to the straightener on the ingoing 
side. This is usually an idler roller raised and lowered 
hydraulically, which lifts the piece enough for it to 
pass over the bottom roll and become engaged by the 
first triangle of three rolls. 

On the outgoing side of the straightener there is 
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CHANNELS 





ANGLES 


Fig. 18—Roll assemblies for channels, joists, and angles 


usually an idler roller which can be adjusted for height 
and distance from the last roll. This is a guide-and- 
conveyor roller helping the straightened bar on to the 
outgoing live roller table. 

This roller is also adjustable axially so that it may 
be aligned with the straightening rolls. This ensures 
that the roller is properly positioned on the web of 
a joist or channel or at the corner of an angle. 

The 53-in. machine described has its three adjust- 
able rollers under its fixed rolls. With 26-in. and 
smaller machines it is usual to reverse the arrangement 
and to have the fixed rolls in the lower bank with the 
adjustable ones over them. One result of this is that 
the pass line becomes more constant. Because of this, 
and as lighter material is being handled, a lifting roller 
at the entry side is not needed. Because of their 
position the adjustable spindle-bearing chocks will 
tend to fall away from their adjusting screws. They 
can be counterbalanced by hydraulic cylinders or 
springs, although the long vertical movement makes 
it difficult to use springs. It is simple to hang the 
spindles on the screws but then as a roll comes under 
load it will jump upwards to take up the clearance 
between the threads of the screw and nut. This is 
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undesirable and can be prevented by counterbalancing 
or by the device illustrated in Fig. 17. 

The spring mark A is designed to take the weight 
of the screw and spindle assembly. Through the 
auxiliary nut B it holds the screw C up against the 
main nut D. When the roll setting is changed, the 
auxiliary nut B is rotated and drives the nut D which 
causes the screw to rise or fall. The screw does not 
turn. Thus whatever the roll position, the spring 
compression is unaltered and it continues to hold the 
screw up against the nut. 

During bending, the surface scale flakes from the 
bar. It is a very fine powder and can cause trouble 
if it is not excluded from the moving parts of the 
straightener. Good scale guards are needed. The 
designer must also remember that the machine is to 
be used in a steelworks where it takes its place in a 
manufacturing process. It must be built with ample 
strength to do its job without breakdown and to 
resist occasional errors in handling. 


ROLLS 


It is normal to straighten the output of a mill with 
one roller-straightening machine. This means that 
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the machine must be able to handle a variety of 
shapes and a range of sizes. It would be expensive 
to have separate rolls for each size of section so designs 
have been developed with which, by using rings and 
spacers, many sections can be straightened by one set 
of roll material. Figure 18 illustrates typical roll 
assemblies for joists, channels, and angles. 

The lower line of sketches shows how, by removing 
spacers, the same rings can be made suitable for 


Fig. 19—Rolls for flats 


smaller sections. Rings for straightening joists may 


also be used for channels. Because of the difference 
in angle of flanges, the rings must have one side 
machined to 98° to suit joists and the other side to 
95° to suit channels. - 

The practice of individual steelworks varies. For 
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example, in straightening joists some rings are 
designed to bear only on the fillet where it joins the 
flange on the web, the face of the ring being relieved 
so that it cannot bear on the web. In other works 
the ring is designed to bear both on the fillet and on 
the web. For an average mill output, two sets of 
rings, one larger than the other, will cover the full 
range of joists and channels. Two sets of angle rolls 
are also needed. Other special rolls for piling, etc., 
may be required according to the rolling programme. 
Flats can be effectively straightened by using rolls as 
shown in Fig. 19. The flat passes through the machine 
at an angle and is worked on about both axes and is 
straightened in both directions. 

The rolls for straightening joists bear on the web 
and its fillet. This means that the force to bend the 
flanges during the straightening process must come 
through the root of the web where it joins the flange. 
The force needed will increase with flange width. 
With broad-flange beams it becomes difficult to 
transmit enough force to bend the flanges, and on 
many occasions the web has been separated from the 
flange. It seems possible that some modified roll 
design will be devised so that some force can be 
applied directly to the flanges. 

The rings and spacers can be mounted on the 
straightener spindle and secured by a nut or similar 
device. The alternative is to mount the rolls on a 
sleeve. This sleeve is designed to fit over the end of 
the spindle. By having spare sets of sleeves, it is 
possible to assemble the rolls on a set of sleeves before 
they are needed for the machine. This speeds up roll 
changing and protects the end of the spindle, but may 
require a few more rings and spacers. A rig is used 
for holding the sieve either horizontally or vertically 
while the roll segments are assembled on it and locked 
in place with the nut at the end of the sleeve. This 
can, of course, take place while the straightener is 
at work and the use of sleeves does reduce the 
straightener down-time for roll changing. 

In addition to structural sections, in the U.K. rails 
are normally roller-straightened. Rail steel is much 
harder than structural steel. Also rails, because of 
their non-symmetrical section, are liable to cool with 
a bend. The task of straightening rails is much greater 
than with structurals and the rolls must be corres- 
pondingly stronger. Rolls for rails are illustrated in 
Fig. 20. 

The illustrations show rolls for flat-bottom and 
bull-head rails. Some operators insist on the upper 
roll being large enough to fit the whole of the rail 
profile, both head and base. Others only enclose the 
head in the upper roll. It would be ideal if there were 
a special roll for each size of rail, but to keep down 
cost steelworks are in the habit of using one set of 
rolls for handling perhaps three sizes of rails. This 
means that the rolls are not an exact fit on the rail 
and, of course, roll dressing also results in side 
clearance. It is desirable that the fit should be as 
good as possible and, in an endeavour to achieve this, 
experiments have been made with split rolls. The 
idea with these is that when the profile is dressed and 
a side clearance created, the original fit can be 
obtained by removing shims. These experiments 
have not yet proved entirely successful but such an 
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adjustable roll would be an 
advantage and may yet be 
developed. [| 
The service loads on the rolls 
are high and there is consider- a 
able rubbing because of the | 
differential velocities involved. 
To obtain the necessary | 
strength and life, rolls are nor- =| 
mally made in forged steel We 
using alloys such as_ nickel, I 
chromium, and molybdenum. yp” i” 
Rolls may be dressed many | 
times. Inthe case of structural | 
rolls this is no disadvantage ~~—~—1~——_ 
since the spacers can be ad- 
justed to make up for the 
metal machined off. In the case 
of rolls for rails, dressing 
increases side clearance, and 
when this becomes too much 
it is usual to machine the rolls 
out still further to make them 
suitable for a larger size of rail. It seems that a roll 
life of 15,000—20,000 tons between dressings is normal. 


— 



































PRACTICE 


In the Introduction, reference was made to the 
many accidents which may happen between the 
rolling of a bar and its final cooling. Because of them, 
all bars coming to the straightener will not be identi- 
cal. Differences in rolling temperature will affect the 
final product. Then there is the hot saw, where bad 
blades or worn support plates may cause bent ends. 

Skid gear, fouls on the roller table, obstructions on 
the cooling bank—any of these may deform the bar. 
On the cooling bank, unusual currents of cold air may 
cause uneven cooling and cooling stresses. In addition, 
the dimensions of the section may vary (within the 
permitted tolerances, of course), and also the chemical 
composition of the steel. In spite of this, the 
straightener will satisfactorily straighten most bars 
that come to it with the same roll setting and with 
only one pass through it. 

With structurals and general sections success is 
almost 100%. With rails the record is less satis- 
factory. It may be because rail steel is harder, or 
because of the non-uniform cooling of the asym- 
metrical section. Whatever the reason, a proportion 
of rails requires special straightening. This is done 
on a gag press. Some days the gag press has little if 
any work to do. At other times,-even when the same 
rail is coming through, the gag press is kept busy. 
It is to be hoped that the reason for these irregularities 
will soon be discovered. 

An occasional rail will cool badly bowed, the head 
side being short. On the roller table approaching 
the straightener the ends will be up in the air and the 
leading end will not enter the rolls. To deal expe- 
ditiously with these, a lifting roller is installed in the 
roller table some distance from the straightener. This 
is an idler, raised by hydraulic or mechanical power, 
and it lifts the back end of the rail. This causes the 
raised front end to come down until it can enter the 
rolls. 
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Fig. 20—Rolls for rails 


The straightening process effects a number of 
changes in the bar passing through. The surface scale 
is removed: it can be seen cracking off, particularly 
where the bar bends over the second roll. Next, there 
is a definite shortening. A 60-ft. rail will shorten 
2 in. to ~ in., i.e. between one part in 1500 and one 
part in 2000. The reason for this is not clear. The 
bar has been severely bent and its fibres have been 
first in tension, and then in compression. It has been 
subject to the pressure of the rolls and to various 
driving and frictional forces. It would seem that 
internal stresses have been released and the material 
compacted. The height of the section is reduced and 
the head and base widths are increased by several 
thousandths of an inch. 

The descaling effect is made apparent when 
straightened bars lie on an outdoor bank exposed to 
the weather. Rusting will take place along the bar, 
except for a short distance at each end where the 
unbroken scale protects the steel. 

A piece at each end has not been straightened 
because the process cannot begin until the bar is 
gripped in the first triangle of three rolls and the 
process ends when the bar leaves the triangle. There- 
fore, with a 53-in. machine, about 2 ft. at each end 
are not treated. This is not serious unless the ends 
have been damaged and bent. It is to prevent this 
that operators take special precautions at the hot saw. 

Straightening is carried out at speeds of roughly 
100-400 ft./min. It is easy to calculate the ultimate 
machine output which would be achieved if one bar 
were to follow another nose-to-tail. This ultimate 
capacity is, of course, not obtained because of 
handling time which will be increased if there are 
badly bent pieces which need some coaxing. However 
it is usually quite easy for a roller-straightener to 
handle all the mill production. In fact it normally 
works fewer shifts than the mill. This leaves plenty 
of time for roll changing, not that much is needed 
since a change using roll-mounting sleeves takes about 
1 hr. The crew of a machine is one straightener, one 
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driver controlling the machine and the roller tables, 
and two or three men for handling the material. 

Individual operators have their own ideas of the 
art. There is no uniformity between steelworks about 
roll setting or the use of the auxiliary rollers, etc. 
Some operators do all the straightening on the seven 
rolls and use any other rollers merely as transporters. 
Others regard the outgoing idler-roller as vital to 
successful straightening and make this roller do work 
on the piece. Similarly, some operators make great 
use of the vertical rollers, particularly on the delivery 
side, adjusting them closely to the bar and claiming 
that this controls sweep. On the other hand, there 
are machines that seem to work satisfactorily without 
vertical rollers. These differences in settings added 
to differences in the design of rolls create the 
individual practices of steelworks. 

Rounds have been straightened on roller-straight- 
eners but not very satisfactorily. They are best dealt 
with on the so-called reeling machine. This has a 
series of convex and concave rolls arranged with their 
axes angled to each other. The round in passing 
through these rolls is continuously bent and forced to 
rotate about its own axis. This straightens it and 
also has a polishing effect. 

It is usual practice in the U.K. to allow the rolled 
product to cool completely before straightening. Bars 
may come off the cooling bank at about 100° C., but 
they go to a holding bank until they are cold. It 
seems that if bars are straightened direct from the 
cooling bank they may distort some hours later. 
However, it is reported that some Continental mills 
successfully straighten their products after only a 
couple of hours on the cooling bank. 


LAYOUT 


In a steelworks, the roller-straightening machine is 
a tool in the production process, and it must be sited 
in the flow line. After the cooling bank there should 
be one or more holding banks, to which the material 
may be taken by roller table and transfer gear or by 
crane. Here the bars will cool completely before going 
on to be straightened. 

It is usual for the mill to work more hours than the 
straightener and it is on these banks that work is 
accumulated and marshalled to give the straightener 
a full operating period. These holding banks also 
provide a safety feature since, should there be any 
hold-up at the straightener or beyond, material from 
the mill may pile up here without inconvenience. 
From here material goes to a receiving bank from 
which it is skidded on to the straightener-approach 
table. This is a live roller table and in it there is the 
lifting roller just in front of the straightener. In this 
table too will be the roller for raising the back end of 
rails if this is used. The table ends with adjustable 
side guards which guide the piece into the machine. 

On the outgoing side there will be a live roller table 
to take the straight product away and from it bars 
are skidded on to the final bank or banks on which 
orders are made up for despatch. Here a turnover 
device is sometimes used. Obviously a bank will hold 
more joists if they stand upright on one flange than 


if they lie on their sides with the web horizontal. The 
turnover device is a series of arms which rise between 
the table rollers, lift the joist, turn it through 90°, 
and replace it on the rollers. The mechanism is 
entirely below table level. 

A few bars must go to a gag press for special treat- 
ment. The press should therefore be sited conveniently 
after the roller-straightener. Most bars leaving the 
straightener will go out on the roller table and be 
skidded off to one side on to the final bank. Bars 
needing more attention may be removed to the other 
side, straightened in the gag press, and returned to 
the roller table to join the finished material. Some 
steelworks take all bars from the straightener to the 
gag press. Those judged straight pass on without 
attention; the others are corrected in the press. This 
means that all pieces follow the same flow line, but 
as most do not require special treatment it would 
seem better to send only the unstraight bars to the 
press. 

The need for roll storage space must not be over- 
looked. A mill rolling a variety of rails will require 
many sets of straightening rolls. Where joists and 
sections are rolled the number of sets is not so great 
since rolls can be adapted to suit various sections. 
However, as a set of rolls means enough for seven or 
nine spindles, considerable space will be needed. Also 
provision must be made for the roll-mounting rig on 
which the next set of rolls is prepared. 

Like rolling mills and other steelworks plant, much 
of the straightener will be below floor level. A pit of 
generous size should be provided so that routine or 
special maintenance can be carried out easily. 

Arrangements should be made for scale coming from 
the bars to be guided into scale boxes at or under 
floor level and readily accessible for emptying. 


CONCLUSION 


The author has endeavoured to survey the field of 
roller-straightening design and practice, particularly 
in the U.K. Perhaps there has been too much 
emphasis on the heavier machines but the straight- 
eners for lighter mill products work on the same 
principles, and much of their equipment is the same 
as, or adapted from, that described. 

The machines are interesting from an engineer’s 
point of view and the process is intriguing, especially 
for its unexplained phenomena. There is no doubt 
that continuing exchange of views between operating 
companies themselves and with machine builders will 
eventually produce solutions to the remaining 
problems. 
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NEWS 


Announcements and News of Science and Industry 





IRON AND STEEL INSTITUTE 
Autumn General Meeting 
The Autumn General Meeting of The Iron and Steel 


Institute will be held at 4 Grosvenor Gardens, London, 
S.W.1, on Wednesday and Thursday, 16th and 17th 
November, 1955. Buffet luncheons will be provided in 
the Library on both days. 

The following is the detailed programme: 


Wednesday, 16th November 
Morning Session 


10.00-10.15 Aa.m.—Formal business and election of 


members 
10.15—11.30 a.m.—Discussion on: 

“4A Furnace Scanning Periscope,’ by C. Burns 
(July, 1955). A film will be shown during the 
presentation of the paper 

11.30 A.m.—12.0 Noon—Interval 
12.00 Noon—1.15 P.m.—Discussion on: 

* The Relative Merits of Low- and High-Sulphur Oil 
for O.H. Steelmaking,” by C. A. Edwards (October, 
1955) 

1.15—2.30 p.m.—Buffet Luncheon in the Library. 
Afternoon Session 
2.30-4.30 p.m.—Joint Discussion on: 

‘** The Thermodynamics of Carbon Dissolved in Iron 
Alloys: Part 1—The Solubility of Carbon in Iron— 
Phosphorus, Iron—Silicon, and Iron—Manganese 
Melts,” by E. T. Turkdogan and L. E. Leake 
(January, 1955) 

Part 2—‘‘ The Influence of Silicon on the Activity 
Coefficient of Carbon Dissolved in Molten Iron,” 
by E. T. Turkdogan (January, 1955) 

Part 3—‘‘ The Solubility of Carbon in Iron-Sulphur 
Melts,” by E. T. Turkdogan and R. A. Hancock 
(February, 1955) 

Part 4—‘‘ Solubility of Carbon in Iron—Silicon— 
Phosphorus Melts,” by E. T. Turkdogan and L. E. 
Leake (July, 1955) 

** Solubility of Nitrogen in Alpha-Iron,” by J. D. Fast 
and M. B. Verrijp (August, 1955) 

‘ The Effect of Alloying Elements on the Solubility of 
Nitrogen in Iron: Part 1—The Solubility of 
Nitrogen in Pure Iron and in 2-83% Silicon Iron,” 
by N. 8. Corney and E. T. Turkdogan (August, 
1955) 

Part 2—‘‘ The Solubility of Nitrogen in Alpha-Iron 
containing up to 0:051% Vanadium,” by E. T. 
Turkdogan, S. Ignatowicz, and J. Pearson 
(November, 1955). 

Thursday, 17th November 
Morning Session 
10.00-11.15 aA.m.—Joint Discussion on: 


“The Strain Ageing of Alpha Iron,” by W. R. 
Thomas and G. M. Leak (June, 1955) 
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‘ The Strain Ageing of Pure Iron,” by B. Jones and 
R. A. Owen-Barnett (May, 1955) 

11.15-11.45 a.m.—Interval 
11.45 a.m.—1.00 p.m.—Joint Discussion on: 

‘* A Microscopical Examination of Samples of Iron 
Containing Siliceous Inclusions,” by R. E. Lismer 
and F. B. Pickering (February, 1955) 

‘“ A Microscopical Examination of Samples of Iron 
Containing Titanium-bearing Inclusions,” by F. B. 
Pickering (October, 1955) 

1.00—2.30 p.m.—Buffet Luncheon in the Library. 


Afternoon Session 
2.30-4.30 p.m.—Joint Discussion on: 

** Metallography of Delta-Ferrite,’ by Kehsin Kuo: 
Part 1 (April, 1954) 

* Metallography of Delta-Ferrite,’ by Kehsin Kuo: 
Parts 2 and 3 (October, 1955) 

* Metallography of Delta-Ferrite,’ by Kehsin Kuo: 
Parts 4 and 5 (November, 1955). 


NEWS OF MEMBERS 


> Mr. C. J. BARFIELD has left the de Havilland Aircraft 
Co. to take up an appointment as Assistant Metallurgist 
with the A.P.V. Co., Ltd., Crawley, Sussex. 

> Mr. R. F. BowLER has joined the Engineering Dept., 
Metals Division, of Imperial Chemical Industries Ltd. 
> Mr. S. P. Caste has left Crossley Bros., Ltd., to take 
up the appointment of Assistant Metallurgist with the 
Superheater Co., Ltd., of Manchester. 

> Mr. A. CHAMBERLAIN has been appointed Secretary 
and Research Officer of the Admiralty-Vickers Gearing 
Research Association, Barrow-in-Furness. 

> Mr. R. W. Davis has left the British Iron and Steel 
Federation and has been appointed to the Engineering 
Staff of John Summers and Sons, Ltd., Shotton. 

> Mr. L. G. EARLE, until recently Refineries Manager at 
the Melton works of Capper Pass and Sons, has joined 
Campbell, Gifford and Morton Ltd., of Weybridge, as a 
Director. 

> Dr. F. A. Fox has joined the Weapons Research 
Establishment, Salisbury, South Australia. 

> Dr. H. J. Gotpscumipr has been awarded a D.Sc. 
degree of Manchester University. 

> Mr. H. A. HatupKa has taken up an appointment as 
metallurgist with the Brunswick Mining and Smelting 
Corporation, Bathurst, New Brunswick, Canada. 

> Mr. T. F. Hotmperc, Works Manager at the Imatra 
Steelworks of Oy Vuoksenniska Ab, Finland, has been 
appointed Technical Director of the same company’s 
head office, Helsingfors. Dr. M. G. SNELLMAN, Smelting 
Shop Superintendent, at above works, has been appointed 
Manager of the Rolling Mill, Heat Treatment, and 
Finishing Division. Mr. N. L. GRIPENBERG, Super- 
intendent of the Pelletizing Department at Imatra 
Steelworks, has been appointed Smelting Shop Super- 
intendent. Mr. E. P. MAkIikyLA, Superintendent of the 
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Physical Laboratory, has been appointed Assistant Sales 
Manager of Oy Vuoksenniska Ab, Helsingfors. 

> Mr. Haroxp JEAns has retired from the Chairmanship 
of Industrial Newspapers Ltd. 

> Mr. W. H. Lowruer is now Assistant Technical 


Officer, Metallurgical Section, at the Wilton works of 


Imperial Chemical Industries Ltd. He was formerly at 
the Cargo Fleet works of the South Durham Steel and 
Iron Co., Ltd. 

> Mr. T. B. MarspEn has joined the staff of the Research 
Dept., Metals Division, of Imperial Chemical Industries 
Ltd., Wilton, after having completed a period of post- 
graduate research at University College, Swansea. 

> Dr. Mont.Ing. B. Maruscuka has been elected 
Technical Director and member of the Executive of the 
Schoeller-Bleckmann Steelworks. 

> Mr. G. J. Metcatre has left the Precious Metals 
Division of the Mond Nickel Co., Ltd., to take up an 
appointment with High Duty Alloys Ltd., Slough. 

> Mr. JAMES Morrison has left Staveley Iron and 
Chemical Co., Ltd., to join Tubes Limited, Leicester, 
as Assistant to the Chief Metallurgist. 


> Mr. L. Q. Mumrorp has been appointed Librarian of 


the Library of Congress, Washington, D.C., U.S.A. He 
was formerly Director of the Cleveland Public Library 
in Ohio. 

> Prof. A. J. Murpuy has left the Dept. of Industrial 
Metallurgy of Birmingham University to become 
Principal of the College of Aeronautics at Cranfield, Beds. 
> Mr. A. Erik NyGrEN has moved from the Laboratory 
to the Strip Division of the Sandvik Steel Works Co., 
Ltd., Sweden. 

> Dr. J. GorDON Parr has left the University of British 
Columbia to take up a position as Associate Professor 
of Metallurgy at the University. of Alberta, Canada. 


> Mr. F. PrckwortsH is relinquishing his position of 


Managing Director of the English Steel Corporation Ltd. 
to become Chairman, in place of Lt.-General Sir Ronald 
Weeks. He has also joined the Board of Vickers Ltd. 

> Mr. W. D. PucH has been appointed Managing 
Director of the English Stee! Corporation Ltd. 


> Mr. W. J. S. Roperts has been appointed Chief 


Metallurgist of the Tinplate Division of the Steel Com- 
pany of Wales Ltd., Swansea. 

> Mr. E. A. Surptey has been appointed Chief Chemist 
and Metallurgist of the Nuffield Central Research 
Laboratories, Coventry. 

> Dr. W. STEVEN has been appointed Superintendent 


of the Development and Research Dept. Laboratory of 


the Mond Nickel Co., Ltd., Birmingham. 
Obituary 


> Mr. Howarp Evans, Superintendent of the Research 
Laboratory of the Mond Nickel Co., Ltd., on 11th 
September, 1955. 

> Mr. W. E. Moss of Port Talbot, Glamorganshire, on 
Ist September, 1955. 

> Mr. G. B. Troxet of the Bethlehem Steel Company, 
Pa., U.S.A., on 7th August, 1955. 

> Mr. W. R. J. Wits of A.R.D.E., Ministry of Supply, 
Ruddington, on 8th September, 1955. 


IRON AND STEEL ENGINEERS GROUP 


The Twenty-Ninth Meeting of the Iron and Steel 
Engineers Group will be held at the offices of the Institute, 
4 Grosvenor Gardens, London, 8.W.1, on Wednesday, 
14th December, 1955. The Morning Session from 10.30 
A.M. to 12.45 P.m. will be devoted to the presentation 
and discussion of a paper on “ The Roller-Straightening 
of Sections and Rails,” by W. A. J. Dinwoodie. Buffet 
luncheon will be served in the Library from 12.45 to 
2.0 P.M. 
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During the Afternoon Session, from 2.0 to 4.0 P.M., 
papers on “‘ Flying Shears for Bars and Billets,” by 
R. Stewartson and 8. R. Phelps will be presented and 
discussed. The papers are published in this issue of the 
Journal (pp. 232-272). 


AFFILIATED LOCAL SOCIETIES 
Sheffield Metallurgical Association 


The Sheffield Metallurgical Association has arranged 
to hold a Joint Meeting with The Iron and Steel Institute 
on Tuesday, 6th December, 1955. A paper will be 
presented by D. Manterfield and W. Sykes on ‘‘ Production 
Control Quantometer for Steelworks Analysis.’’ The meet- 
ing will be held in the Engineering Theatre of Sheffield 
University, St. George’s Square, Sheffield, beginning at 
7.0 P.M. 


The Royal Institute of Chemistry and the Society of 


Engineers and Metallurgists are also associated with the 
meeting. 


Liverpool Metallurgical Society 


The following officers and committee have been 
appointed for the session 1955-56: 
President 
A. E. Grirrin, M.Inst.W. 
Vice-Presidents 
Prof. E. C. Rotzuason, Ph.D., F.1I.M. 
Hon. Treasurer Hon. Secretary 
B. Topp, B.Enc. S. V. Rapcuirre, B.Eng., A.I.M. 
Committee 
E. Davis, M.Sc., F.I.M. 
J. F. Grsuin, B.Eng., A.I.M. 
A. WARD 


NEWS OF SCIENCE AND INDUSTRY 


International Congress on Documentation of Applied 
Chemistry 


W. RosEe 
J.S. W. GRAHAM 


B. Ryan 


The Society of Chemical Industry has organized, under 
the Patronage of the International Union of Pure and 


Applied Chemistry, a Congress on Documentation of 


Applied Chemistry. It will be held at the Institut 
Frangaise du Royaume-Uni, Queensbury Place, London, 
S.W.7, from Tuesday to Friday, 22nd-25th November, 
1955. The President of Honour is The Rt. Hon. Lord 
Cherwell, C.H., F.R.S., and the Hon. R. G. Lyttelton 
(Past-President of The Iron and Steel Institute) is one 
of the Vice-Presidents of Honour. 

Brief details of the programme are as follows: 

Tuesday, 22nd November 

8.30 P.M.—Registration followed by a Reception: at 

Imperial Chemical House, Millbank. 
Wednesday, 28rd November 

10.0 A.M.—President’s welcome followed by a session 
for the presentation of four papers dealing with 
‘The International Scene.’ 

2.30 p.M.—Presentation of six papers dealing with 
‘The National Scene.’ 

8.0 for 8.30 p.M.— Banquet at the Trocadero, Shaftes- 
bury Avenue. 

Thursday, 24th November 

10.0 A.M.—Presentation of four papers on ‘ Particular 
Problems *: Publications, abstracts, special docu- 
ments, language problems. 

12.45 for 1.0 p.m.—Luncheon at the Trocadero. 

2.30 P.M.—2nd session on ‘ Particular Problems ’ 
Multilingual technical dictionaries, mechanical 
methods, indexing, library and technical information 
services 

9.0 p.M.—Elizabethan Evening at the Stationers’ Hall. 
(By invitation only). 
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Friday, 25th November 

10.0 Aa.mM.—Presentation of four papers on ‘ The 
Future’: The roles of industry, professional and 
learned societies; how can further co-operation take 
place ? 

2.30 p.m.—Conclusions and recommendations: Open 
session, summary of proceedings, valedictory ad- 
dress. 

6.0 p.m.—Cocktail party at the Society for Visiting 
Scientists. (By invitation only). 

8.30 for 9.0 p.m.—Evening discourse at the Royal 
Institution. 


In conjunction with the Congress, an Exhibition of 


books and periodicals and the documentation of Applied 
Chemistry will be held at the Science Museum, Kensing- 
ton. 

Full details of the Congress and registration forms 
may be obtained from the Honorary Secretary, Inter- 
national Congress on Documentation, 56 Victoria Street, 
London, 8.W.1. 


Symposium on Phase Transformations 


The Metal Physics Committee of the Institute of 


Metals has arranged a one-day Symposium on _ the 
Mechanism of Phase Transformations in Metals, to be 
held at the Royal Institution, Albemarle Street, London, 
W.1, on Wednesday, 9th November, 1955, beginning at 
10.0 a.m. The morning session will be devoted to trans- 
formations of the nucleation and growth type; in the 
afternoon the subject will be martensitic transformations. 


Symposium on Corrosion—Melbourne 


A Symposium on Corrosion is to be held in Melbourne 
from 28th November to 2nd December, 1955, under the 
auspices of the University of Melbourne and other co- 
operating bodies. Papers to be presented cover the 
fundamentals of corrosion, preventive measures, buried 
and immersed corrosion, and corrosion in the aircraft, 
oil, and power production industries. 


Indian Institute of Metals 


The Ninth Annual General Meeting of the Indian 
Institute of Metals is to be held in Calcutta from Tuesday 
to Thursday, 20th-22nd December, 1955. During the 
meeting, which will include the Presidential Address and 
the presentation of technical papers, the Fourth Pandya 
Memorial Lecture, ‘* Problems of Fuel and Power in 
India,”’ will be delivered by Dr. J. C. Ghosh. The Second 
Educational Lecture Series on the *‘* Mechanical and 
Physical Properties of Steel”? will also be held in con- 
junction with the meeting. 


British Iron and Steel Federation 


Mr. Aubrey Jones, M.P., Economic Director of the 
Federation, has been appointed to the newly-created 


post of General Director. 


DIARY 


lst Nov.—SHEFFIELD METALLURGICAL ASsOCIATION— 
* Strain-Ageing in Deep Drawing Mild Steels,” by 
B. B. Hundy—B.1.8.R.A. Laboratories, Hoyle 
Street, Sheffield 3, 7.0 p.m. 

lst Nov.—NeEwrort AND District METALLURGICAL 
Socrety—‘‘ Iron and Steelmaking at Appleby- 
Frodingham,” by A. Jackson—Whitehead Institute, 
Cardiff Road, Newport, 7.0 p.m. 

8rd Nov.—Lrereps MetrattureicaL Socrery—‘ Grain 
Boundaries,” by D. MecLean—Large Chemistry 
Lecture Theatre, University of Leeds, 7.15 P.M. 
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8rd—4th Nov.—VEREIN DEUTSCHER EISENHUTTENLEUTE 
—Congress in Diisseldorf. 

7th Nov.—East Mipianps METALLURGICAL SocreTy— 
‘** Boron in Steel,” by F. B. Pickering—Technical 
College, Nottingham, 7.30 p.m. 

8th Nov.—SuHEFFIELD METALLURGICAL ASSOCIATION 
** Electric-Are Furnaces—Walls and _ Roof,’ by 
A. H. B. Cross B.1.S.R.A. Laboratories, Hoy le 
Street, Sheffield 3, 7.0 p.m. 

9th Nov.—LivErRPooL METALLURGICAL Society (Joint 
meeting with Institute of Welding)—‘* Steel Welding 
and Research,” by A. A. Wells—Picton Hall, Liver- 
pool, 7.0 P.M. 

9th Nov.—INstiruTION oF HEATING AND VENTILATING 
ENGINEERS (in conjunction with the Society for 
Water Treatment and Examination)—Symposium 
on Corrosion—London. 

9th Nov.—InsrituTE oF MeTats—Symposium on ** The 
Mechanism of Phase Transformations in Metals ”’- 
London. 

llth Nov.—Norru East METALLURGICAL SOCIETY 
* Constructional Materials for the Heavy Chemical 
Industry,” by F. H. Keating—Cleveland Scientific 
and Technical Institution, Middlesbrough, 7.15 p.m. 

15th Nov.—SHEFFIELD METALLURGICAL ASSOCIATION 
* Boiler Feed Water and Associated Corrosion 
Problems,” by J. Banks—B.I.8.R.A. Laboratories, 
Hoyle Street, Sheffield 3, 7.0 p.m. 

16th Nov.—Nortru Wates METALLURGICAL SOCIETY 
“Changes in the Properties of Refractories in Use at 
High Temperatures,” by C. Bodsworth—County 
Primary School, Plymouth Street, Shotton, Nr. 
Chester, 7.15 P.M. 

16th-17th Nov.—TuHe Iron anv Street INstTirutTe 
Autumn General Meeting—4 Grosvenor Gardens, 
London, 8S.W.1. 

17th Nov. — Liverroot METALLURGICAL SOcIETY - 
* High-Purity Alloys of Iron,” by N. P. Allen— 
The Temple, Dale Street, Liverpool, 7.0 P.M. 

18th Nov.—Socrety or CuemicaL INnpustry—Sym- 
posium on Protection of Cable Sheathing—TInstitu- 
tion of Electrical Engineers, Savoy Place, London, 


W.C.2, 10.0 a.m., 2.30 P.m., 5.15 P.M. 
18th Nov.—West or ScorLaANp IRON AND STEEL INSTI- 
TUTE—* The Metallurgy of Nuclear Power Pro- 


duction,” by A. B. McIntosh—39 Elmbank Crescent, 
Glasgow, 6.45 P.M. 

22nd Nov.—SHEFFIELD METALLURGICAL ASSOCIATION 
“The Testing of Lubricants and Greases with 
Particular Reference to their Use in the Metallurgical 
Industry,” by H. E. Pristen—B.I.S.R.A. Labora- 
tories, Hoyle Street, Sheftield 3, 7.0 p.m. 

22nd-25th Nov.— International Congress on Documenta- 
tion of Applied Chemistry—Institut Francais du 
Royaume Uni, Queensbury Place, South Kensing- 
ton, London, S.W.7. 

23rd Nov.—SwaNnseA AND Districr METALLURGICAL 
Society (Joint meeting with The Iron and Steel 
Institute)—** Delays in Supply of Steel Serap to 
O.H. Furnaces due to Furnace Bunching,” by 
M. D. J. Brisby—Central Library, Swansea, 7.0 P.M. 

Ist Dee.— LEEDS METALLURGICAL Society—** Radiation 
Damage in Metals,’ by W. M. Lomer—Large 
Chemistry Lecture Theatre, University of Leeds, 
7.15 P.M. 

6th Dec.—East MimpitaAnps METALLURGICAL SOCIETY 
** Surface Effects in Fatigue,” by B. Hall—Technical 
College, Nottingham, 7.30 P.M. 

‘7th Dec.—Newrport AND Disrricr METALLURGICAL 
Socirety—* Industrial Uses of Atomic Energy,” by 
K. J. Bobin—Whitehead Institute, Cardiff Road, 
Newport, 7.0 P.M. 
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MINERAL RESOURCES 


The British Problem of the Distribution of Iron Ores. (Echo 
Mines, 1955, May, 287-289). A very short account of the 
known iron ore deposits in Great Britain is given.—B. G. B. 

Tron Ore in Canada: A Symposium. (Canad. Min. Met. Bull., 
1955, 48, Apr., 213-226). Brief papers on geographic and 
economic aspects, geology, beneficiation, and smelting of iron 
ore in Canada are given by members of the staff of the Dept. 
of Mines and Technical Surveys, Ottawa, and of the Geological 
Survey of Canada.—t. E. D. 

Exploitation of Iron Ores in Switzerland. G. Rodriguez. 
(Echo Mines, 1955, Jan., 21-22; Feb., 85-87). 

Prospecting and Developing Iron Ores. A. E. Moss. (Canad. 
Min. Met. Bull., 1955, 48, Mar., 157-162). The market for 
iron ores in North America is surveyed, with special reference 
to Canadian resources. The requirements for an iron ore are 
given. Prospecting procedures are discussed, particularly 
those used in the Quebec—Labrador ore field.—t. E. D. 

Manganese Resources in French Overseas Territories. G. 
Rodriguez. (Echo Mines, 1955, May, 291-292). 

South African Manganese: Development of the Postmasburg 
Fields. A. G. Thomson. (Iron Coal Trades Rev., 1954, 169, 
Oct. 22, 985-986). 

The Mineral Company of Conakry. (Ann. Mines, 1955, 
144, Feb.-Mar., 3-22). 

Algerian Iron Mines. W. Aubé. (Ann. Mines, 1955, 144, 
Feb.-Mar., 23-41). An account of the iron ore deposits in 
Algeria, which include the Ouenza field, is presented. Details 
of the production of ore and its value are given.—B. G. B. 


ORES—MINING AND TREATMENT 


Magnetism of Rocks and Solid Phase Transformation in 
Ferromagnetic Materials. II. N. Kawai, 8S. Kume, and §. 
Sasajima. (Proc. Japan Acad., 1954, 30, Nov., 864-868). 
The phenomenon of reverse permanent magnetism exhibited 
by some sedimentary and volcanic rocks, and associated with 
solid solutions ranging from magnetite (Fe,0,) to ulvéspinel 
(TiO,Fe,0,) is attributed to initial magnetization of the 
parent Fe,0, in the earth’s field, followed by reverse magnetiz- 
ation of pptd. minerals, in the field of the Fe,O,, occurring 
in geological time.—kx. E. J. 

Development of Techniques in Iron Ore Mines. G. Pajot. 
(Mém. Soc. Ing. Civils France, 1955, 107, Jan.-Feb., 44-60). 
An account is given of the mechanical methods used in the 
underground mining of iron ore in the Lorraine Basin.—.z. G. B. 


The Operations of The Iron Ore Company of Canada Limited. 
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(Canad. Min. J., 1955, 76, Jan., 39-57). Production of iron 
ore from the Quebec—Labrador deposits is described: (I) 
Details of the terrain and the planning of the project are 
outlined; (II) Geological aspects of the mines are discussed, 
and the grades of the estimated reserves of more than 
417,000,000 tons are given. The development of the ore body 
is also described; (III) Problems in the construction of the 
356-mile railway from Knob Lake to the port terminal at 
Seven Islands are discussed, and details of port facilities are 
given.—T. E. D. 


Bethlehem Mines Corporation’s Marmora Mine. H. O. 


Olsen. (Canad. Min. Met. Bull., 1955, 48, Apr., 193-194). 
Brief details are given of the opencast mining operations at 
Marmora, 150 miles from Ottawa and 130 miles from Toronto. 
500,000 tons of concentrate per year in the form of pellets, 
obtained by magnetic separation from the magnetite lime- 
stone, will eventually be produced.—t. E. pD. 

Ore Handling Facilities at Seven Islands. D. H. Sharp. 
(Eng. J., 1955, 88, Jan., 7-12). Ten million tons of iron ore 
from Knob Lake will be handled in eight months of the year 
by the Iron Ore Co. of Canada. An account is given of the 
classification sidings, dumpers (double tippler), conveyors, 
docks, shuttle ship loading bridges and double-arm stacker, 
and the electrical equipment. In the initial stages, before 
design capacity is reached, 1-8 million tons of ore have been 
handled.—x. E. J. 

Modernization of the Ore Storage and Transportation Plant 
at Narvik, Norway. (Min. J., 1955, 244, Mar. 4, 238). 

Materials Handling in the Swedish Iron Ore Industry. L. L. 
Goodman. (Mech. Handling, 1955, 42, Mar., 134-139). The 
mining, preparation, and transporting of ore by the Luossa- 
varaa—Kiirunavaraa A.B. at their mine at Kiruna in North 
Sweden is described.—p. H. 

Handling of Imported Ore From Tyne Dock to Consett Iron 
Works. D. M. Potter. (Mech. Handling, 1955, 42, Jan., 
6-13; Feb., 85-93). The paper describes the new scheme 
arranged jointly by the Consett Iron Co., Ltd., the Tyne 
Improv ement Commission, and the British Transport Com- 
mission whereby 25,000 tons/week of foreign ore is landed at 
Tyne Dock and tcmmaotan by rail to the Consett Iron Works 
25 miles away. The first part of the paper describes the dock 
unloading arrangements, the second deals with the handling 
and preparation of the ore after its reception at Consett.—D. H. 

Grate Sintering of Iron Ores. J. L. Verri. (Met. Mat., 1955, 
47, Mar., 123-131). [In Italian]. This paper is a compre- 
hensive review of sintering practices. The chemical processes 
are described for different ores, as well as the engineering 
aspects of the problem. Some of the practical difficulties 
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which must be overcome in sinter-plant operation are dis- 
cussed.—mM. D. J. B. 

Magnetic Separation of Iron Ores. E. Brugola. (Met. Ital., 
1955, 47, Mar., 101-105). [In Italian]. This is a concise 
review of the techniques and possibilities of magnetic separa- 
tion. The factors which influence separation, magnetic proper- 
ties, particle dimension, and fields of application are discussed 
briefly. Particular reference is made to U.S. and Swedish 
practices.—mM. D. J. B. 

Magnetic Roasting of Iron Ores. ©. Dufour Berte. (Met. 
Ttal., 1955, 47, Mar., 106-108). [In Italian]. The advantages 
of roasting iron ores before magnetic separation are discussed 
—a process particularly attractive with ores which have low 
magnetic properties. Magnetite and hematite preparation are 
described and the technical problem of calcining and separat- 
ing magnetically are discussed. Reference is made to work 
carried out in the U.S.A.—m. D. J. B. 

Pelletizing Iron Ores. C. Mellere. (Met. Ital., 1955, 47, Mar., 
109-111). [In Italian]. The principles of agglomerating fines 
by briquetting, by extrusion, and by pelletization are briefly 
discussed. Results of tests are described and the relative 
economics of the different methods are considered.—um. D. J. B. 

Determination of Separation Characteristics in Iron Ores. 
A. Reggiori and E. Moltoni. (Met. Ital., 1955, 47, Mar., 
112-119). [In Italian]. Separation characteristics in mixed 
ores and magnetites are studied statistically. Results obtained 
by the Mértsell and Davis tube testers are examined. Advan- 
tages are claimed for the latter method.—m. D. J. B. 

Preparing Ores for Metallurgy. F. Savioli. (Met. Ital., 1955, 
47, Mar., 120-122). {In Italian]. The influence of ore prepara- 
tion on the coke rate in blast-furnace operation is discussed. 

Process Makes Reserves of Iron Ore Available. (Blast Furn. 
Steel Plant, 1955, 48, May, 515- -5 16). A brief account of a 
new pelletizing process for processing low- grade Michigan iron 
ore is given. The ore is upgraded from 30% to 63% iron. 

History of Iron Ore Sintering Recails Variety of Experi- 
mentation. MM. V. Holowaty. (J. Met., 1955, 7, Jan., Section 1, 
19-23). The author briefly traces the history of iron-ore 
sintering, dealing separately with updraught and down- 
draught processes, batch sintering, and the West stationary 
sintering system. The advantages and disadvantages of the 
different systems are given.—c. F. 

Hungarian Integrated Iron and Steel Works. (Jron Coal 
Trades Rev., 1955, 170, Apr. 8, 792). The integrated Stalin 
Iron and Steel Works at Sztalinvaros, Hungary, is approaching 
completion. Brief details are given of the ore dressing and 
concentrating plant and the coking plant.—c. F. 

Sintering of Iron Ores: Physical and Chemical Changes — 
Occur. R. Wild. (Jron Coal Trades Rev., 1955, 170, Apr. 1, 
725-729). The author discusses the reasons for the rapid 
increase in the quantity of sinter produced, and describes 
the chemical and physical changes occurring during sintering. 
Current research work on experimental and full-scale units 
is outlined, and possible future gE EY are discussed. 

Bodas Mine. (Mine Quarry — 1954, 20, Dec., 522-527; 
1955, 21, Jan., 18-24; Feb., 46-52). The development of 
the Bodas field for iron ore, fo the present conditions of 
mining and ore treatment at the mine are presented. The 
mine, in Central Sweden, is operated by the Sandvik Steel 
Works Co., Ltd. The ore is contained in leptite formation, 
and is worked by a modified form of sub-level caving. The 
crushed and ground ore is concentrated, pelletized, and kilned. 
About 100 tons of pellet sinter per day are produced. The 
company also manufactures rock drills and their testing and 
use are mentioned.—D. L. C. P. 

Study of the Desulphurization during Sintering of a Barytes- 
bearing Iron Ore. (Khénifra, French Morocco). J. Astier. 
(Rev. Mét., 1955, 52, Jan., 47-62). Experiments, on a semi- 
industrial scale, to determine the optimum conditions of 
desulphurization of Khénifra ore in sintering are described. 
By reducing the air flow, the sulphur content of the sinter 
can be brought down to 0:1%. The degree of desulphurization 
is shown to be directly related to the sulphur content of the 
sinter burden.—c. E. D 


FUEL—PREPARATION, PROPERTIES, AND USES 


Studies in Bomb Calorimetry. III. Determination of the 
Heat Capacity (Water Equivalent) of a Bomb Calorimeter 
System. J. E. Barker, R. A. Mott, and W. C. Thomas. (Fuel, 
1955, 34, July, 283-302). 

Studies in Bomb Calorimetry. IV. Corrections. J. E. Barker, 
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R. A. Mott, and W. C. Thomas. (Fuel, 1955, 34, July, 303- 
316). The basis on which cooling corrections are calculated 
is described. Corrections for sulphur, nitrogen, ignition, 
chlorine, sulphation of ash, ejection of ash, and corrosion of 
the bomb are explained.—ns. a. B. 

Luminous Flame Radiation in a Small Scale Oil-fired 
Furnace. E. P. Hotchen. (Inst. Gas Eng. Comm., 1954, Nov., 
453). Trials have been carried out on a 4 scale model furnace 
of the experimental furnace at Ymuiden in Holland which 
has been used for international research work. The results 
of the investigation are reported and compared with those 
obtained on the larger furnace.—R. G. B. 

Furnace Flames with Liquid and Gaseous Fuels. R. Durand 
and Cohen-de-Lara. (Centre. Doc. Sidér., Circ. Inform. Tech., 
1955, 12, (5), 961-979). Turbulent diffusion of a jet of gas 
in an infinite space is considered theoretically, and the various 
types of burner used in open-hearth furnaces are discussed. 
The combustion of gas and liquid fuels is discussed, and the 
importance of atomization is mentioned. Studies of flame 
characteristics at Ymuiden are reported in some detail, 
including atomization with steam or air. A proposed design 
of air-gas burner for an open-hearth furnace is illustrated. 

Improving Furnace Performance by Model Investigation. 
M. W. Thring. (Coke Gas, 1955, 17, Apr., 133-139; May, 
176-180, 184). After indicating the basic principles of model 
design, aerodynamic studies by means of cold models and 
models for studying liquid flow and freezing are discussed. 
The experimental flame radiation furnace at Ymuiden is 
mentioned; this was intended to provide a model of the flame 
in an open-hearth furnace. Blast-furnaces, gas producers, 
and fuel beds have also been studied.—t. E. pD. 

Burning Velocity of Unconfined Turbulent Flames. K. Wohl. 
(Indust. Eng. Chem., 1955, 47, Apr., 825-827). 

On the Physico-Chemical Research of Charcoal for the 
Metallurgical Reaction. I. On the Combustion of Charcoal and 
the Effect of Promoter on it. II. On the Reaction of Charcoal 
Gas on Steel. M. Kawakami and S. Uchida. (Nippon Kinzoku 
Gakkai-Si, 1951, B, 15, Oct., 466-471; 471-475). [In Japanese]. 
The combustion of charcoal was investigated, and the effects 
of gas velocity and particle area were elucidated. Most salts 
of Na, Ba, and Ca catalysed the reaction, Mg salts catalysed 
it slightly, Al,O, and SiO, retarded it, and oxides of Fe, Co, 
Ni, Mn, and Cr had no effect. The carburizing power of the 
gas on steel was weak, the theoretical C content not being 
attained even at high temperatures, and CO%; this is attri- 
buted to hindrance by CO, formed.—kx. Ff. J. 

Oxygen Measurement and Combustion Control. A. Linford. 
(Steam Eng., 1955, 24, Mar., 195-198). The relation between 
O,, CO,, and excess air in flue gases in steam-raising plants, 
using different fuels, is discussed. The possibility of controlling 
combustion by continuous measurement of flue oxygen is 
suggested, and types of paramagnetic oxygen analysers are 
described.—t. E. D. 

Survey of Grit Deposition from an Integrated Steelworks. 
H. G. Jones. (Iron Coal Trades Rev., 1955, 170, Apr. 15, 
839-845). The author describes a comprehensive survey of 
grit deposition carried out in the vicinity of the Steel Co. of 
Wales Ltd. The method of taking samples is described, and 
the results obtained are discussed. The sources of dust are 
given, and the way in which geography and prevailing winds 
of the area influence the amount of dust falling in various 
areas is described.—a. Fr. 

How to Avoid Oxidation of a Steel Chimney. (Ing. e Indust., 
1954, 22, Dec., 102). [In Spanish]. When dirty fuels are used, 
the high dewpoint (about 49°C.) results in condensation 
within the chimney, and severe corrosive attack. This can 
be prevented by giving the chimney a refractory coating or 
by including auxiliary burners to raise the exhaust gas 
temperature. The latter technique is illustrated with reference 
to a Dutch furnace.—pP. s. 

Some Aspects of Flame Radiation. M. Moray. (Rev. Univ. 
Min., 1955, 9th series, 11, Jan., 29-39). The basic principles 
of the radiation of heat from flames are first reviewed and 
the author then discusses the activities of the International 
Committee for the Study of Flame Radiation. Experimental 
techniques which have been used are described together with 
some of the results obtained.—n. G. B. 

The Solution of Transient Heat Flow and Heat Transfer 
Problems by Relaxation. G. Liebmann. (Brit. J. Appl. Phys., 
1955, 6, Apr., 129-135). By the choice of a suitable finite 
difference approximation, parabolic partial differential equa- 
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tions can be converted into a series of boundary value prob- 
lems which can easily be solved. The method may also be 
used for heat-transfer problems.—e. E. w. 

Recovery of Pure Sulphur from Spent Oxide. F. A. Burden 
and W. B.S. Newling. (Trans. Inst. Gas Eng., 1951-52, 101, 
283-304). A description is given of the development of a 
pilot plant for the extraction of sulphur by toluene from 
ordinary gasworks spent oxide.—R. G. B. 

Oxide Purification in Towers—Some Aspects of Operation 
and Control. R. G. Warr and E. T. Pickering. (Trans. Inst. 
Gas Eng., 1951-52, 101, 716-772). 

Progress in Gas Purification. H. Hollings. (Trans. Inst. 
Gas Eng., 1951-52, 101, 773-797). 

A Magnetic-Impuise Rapper System for Electrical Precipi- 
tators. H. J. Hall and T. A. Pierson. (Trans. Amer. Soc. 
Mech. Eng., 1955, '77, Jan., 11-17). The paper discusses the 
historical background, operating characteristics, design con- 
siderations, and application of the electromagnetic rapper 
system. By its use, dust precipitation can be converted from 
a batch to a continuous process.—D. H. 

New Process Washes Coke Oven Gas With Waste Pickle 
Liquor. T. E. Dixon. (Iron Age, 1955, 175, Mar. 24, 91-93). 
The “‘ F-S Process’ is described. Waste liquor containing 
ferrous sulphate and sulphuric acid is used to remove 
ammonia, hydrogen sulphide, and hydrogen cyanide from 
coke-oven gas, and the product is of town-gas purity. The 
impurities are obtained as marketable forms of ammonium 
sulphate, ferrous hydroxide, iron cyanides, and sulphur or 
sulphuric acid.—p. L. c. P. 

An Entirely New Engine using Blast-Furnace Gas. A. 
Vandeghen, A. Britte, and P. Laval. (Rev. Univ. Min., 1955, 
9th series, 11, May, 175-182). An engine is described which 
is able to operate either as a conventional diesel engine with 
liquid fuel or with blast-furnace gas. The engine was con- 
structed and used by the Société Cockerill, Li¢ge, Belgium. 

Technical Problems in the Utilisation of Town Gas in 
Industry. F. Dickinson and F. J. Johnson. (Gas World, 1955, 
141, Apr. 16, 72s—73s, 76s). The use of gas for heating ladles 
before use is recommended to comply with the Iron and Steel 
Foundries Regulation, taken from Statutory Instruments, 
1953, which comes into effect Ist Jan., 1956. The use of 
gas in the heat-treatment of saws is mentioned, and two 
saw-hardening furnaces are illustrated.—tr. 5. D. 

Use of Oil in the Open-Hearth Furnace. a ters. (Centre 
Doc. Sidér., Cire. Inform. Tech., 1955, 12, (5), 987-989). 
Details of the use of this fuel in 12 works are given, and 
include grade of fuel, storage, burners, atomization, and 
metering. Brief performance data are included.—t. E. pb. 

Oil Fuel in the Steel Industry: Storage, Handling and Usage. 
H. W. Hastings. (Iron Coal Trades Rev., 1955, 170, Apr. 1, 
737-740). The author gives the physical characteristics of 
fuel oils used in the steel industry, and describes the arrange- 
ments made for their reception and storage. The oil-firing 
of open-hearth furnaces is then discussed, with special 
reference to oil burners, the avoidance of air infiltration, and 
sulphur pick-up. Mention is also made of the oil-firing of 
slab and forge furnaces.—<. F. 


TEMPERATURE MEASUREMENT AND CONTROL 


Measurement of Temperatures in Flames of Complex Struc- 
ture by Resonance Line Radiation. I. H. M. Strong and 
F. P. Bundy. (J. Appl. Phys., 1954, 25, Dec., 1521-1526). 
The theory, numerical data, and experimental examples are 
given for determining the temperature of inner zones of a 
complex flame.—kr. E. w. 

Measurement of Temperatures in Flames of Complex Struc- 
ture by Resonance Line Radiation. II. H. M. Strong and 
F. P. Bundy. (J. Appl. Phys., 1954, 25, Dec., 1527-1530). 
An apparatus is described. Experimental data testing the 
validity of the method and a description of its application 
to complex flames are given.—E. E. W. 

Measurement of Temperatures in Flames of Compiex Struc- 
ture by Resonance Line Radiation. III. F. P. Bundy and 
H. M. Strong. (J. Appl. Phys., 1954, 25, Dec., 1531-1537). 
The theory, procedure, and an example of using a method of 
measuring flame temperatures by the determination of 
intensity and emissivity of flames within the intensity con- 
tours of a resonance spectral line are given.—®. E. Ww. 

An Isothermal Bath for Use in the Temperature Range 
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200-500° C. W. H. Bridges, J. V. Cathcart, and G. P. Smith. 
(J. Sci. Instruments, 1955, 32, Apr., 139-140). A constant- 
temperature bath of equal parts by weight of sodium nitrate 
and nitrite, controlled and monitored by platinum resistance 
thermometers is described.—t. D. H. 

An Infra-Red Radiation Pyrometer. J. D. Harmer and 
B. N. Watts. (J. Sci. Instruments, 1955, 82, May, 167-170). 
The principle and construction of a radiation pyrometer are 
described, using a lead sulphide photocell. The response is 
rapid, and the temperature range covered is 200—1000° C. 

Reference Tables for Thermocouples. H. Shenker, J. I. 
Lauritzen, R. J. Corruccini, and 8. T. Lonberger. (Circ. Nat. 
Bur. Stand., 561, 1955, Apr.). Detailed reference tables for 
Pt/Pt-10% Rh, Pt/Pt-13% Rh, chromel/alumel, iron/con- 
stantan, copper/constantan and chromel/constantan thermo- 
couples as degrees centigrade and fahrenheit versus millivolts 
are given.—B. G. B. 

Temperature Measurement of Molten Steel in ——— 
Furnace. S. Ishii. (Sumitomo Metals, 1955, 7, Jan., 41-52). 
[In Japanese]. An account is given of experience of measure- 
ment of bath temperature over three years, including the 
construction and use of a quick-immersion thermocouple, 
calibration of the elements, a signal apparatus for temperature, 
and bath-temperature data.—k. E. J. 


REFRACTORY MATERIALS 


Agalmatolite as a Valuable Raw Material for Refractories 
of High Refractoriness. A. L. Shavzis. (Liteinoe Proizvodstvo, 
1953, (7), 31-32). [In Russian]. It was found that agalmato- 
lite fired at 1100° C. forms a white, porcelain-like mass with 
high mechanical strength and refractoriness of the order of 
1900° C.—s. K. 

Dolomite. Its Nature, Formation, Varieties, Application, 
and the Principal French Deposits. V. Charrin. (Chim. et Ind., 
1955, '78, Jan., 149-155). 

Magnesium Ores and Refractory Products. V. Charrin. 
(Chaleur et Ind., 1955, 36, Apr., 137-140). 

The Development and New Possibilities of Refractory 
Products. Y. Letort. (Mém. Soc. Ing. Civils France, 1953, 
106, Oct.-Dec., 686-705). The conditions in which refractory 
products are employed are first considered together with the 
various types of material available. Possible improvements 
in the properties of refractories by alterations in their mode 
of manufacture are suggested and the manufacture, proper- 
ties, and use of a number of new materials are considered in 
detail, including chrome magnesite, electro-cast magnesia, 
and zircon.—B. G. B. 

Quality Control in Fireclay Refractories. A. Elliott. (Clay- 
craft, 1955, 28, Mar., 378-381; May, 489-492). The control 
of most of the processes which take place in the manufacture 
of casting-pit refractories is discussed. Sections on selection 
of raw materials, grading, mixing, de-airing, forming, drying, 
firing, final inspection and despatch are included. The aut hor 
concludes that there is much scope for improvement in 
quality control.—r. c. s. 

The Stourbridge and District Clayfield. B. E. Poole. (Clay- 
craft, 1955, 28, May, 484-488). Coal and fireclay were both 
laid down in swamp conditions that promoted exuberant 
plant-life. While coal is derived directly from vegetable 
matter, the clays owe their origin to terrigenous sediments 
with some plant residue. The quality of the clay varies with 
the rate of sedimentation, the intensity of the chemical 
reactions during deposition, the rie or brackish nature of 
the water, and other factors.—kr. 

Kinetics of the Thermal Dehydration of Clays. III. Kinetic 
Analysis of Mixtures of the Clay Minerals. P. Murray and J. 
White. (Trans. Brit. Ceram. Soc., 1955, 54, Apr., 189-203). 
The kinetic problems associated with the isothermal decom- 
position of mixtures of clay minerals are considered, and a 
method is advanced for the kinetic analysis of kaolinites and 
secondary mica clays. It is shown that the sample weight 
affects the velocity constant, and this effect is observed in 
the analysis of mixtures.—D. L. C. P. 

Kinetics of the Thermal Dehydration of Clays: IV. Interpre: 
tation of the Differential Thermal Analysis of Clay Minerals. 
P. Murray and J. White. (Trans. Brit. Ceram. Soc., 1955, 
54, Apr., 204-238). Data and conclusions from differential 
thermal analysis studies on clay minerals are given. It is 
concluded that: at the peak in thermal analysis only 70% 
of the mineral is decomposed; the heating rate and sample 
weight affect the curve.—D. L. Cc. P. 
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Effect of Chemical Treatment on the Properties of Certain 
British Clays. W. Gilbert and W. L. German. (Trans. Brit. 
Ceram. Soc., 1955, 54, Feb., 83-93). The properties of some 
clays after pH adjustment were studied. Some clays improved 
in workability and in green and fired strength, but others 
failed to respond. The beneficial effect of adding a small 
amount of acid to a fireclay mix that was difficult to dry was 
noted.—D. L. C. P. 

The Renaissance of South Wales—Notes on the Contribution 
of the Refractories Industry. D. Dixon. (Refract. J., 1955, 
$1, Mar., 121-124, 126). 

Beneficiation of Fireclays by Magnetic Separation. D. 
Forbes. (Refract. J., 1955, 31, Mar., 115-117). Experiments 
on the magnetic removal of iron from Stourbridge clay and 
brick grog are described. The method is not recommended 
for industrial application, but it was concluded that selective 
screening of clay may be useful.—p. L. c. P. 

The Dead-Burning of Magnesia. H. J. S. Kriek and J 
White. (Refract. J., 1955, 31, Feb., 62-66). An investigation 
is reported into the effect of additions on the dead-burning 
of magnesite by considering it as a sintering process.—D. L. C. P. 

Mixer-Grinders and gag ye (Centre Doc. Sid‘r., 
Cire. Inform. Tech., 1955, 12, 583-589). Tests are per- 
formed investigating the dry he fr of sintered dolomite, 
without the more usual addition of tar, in two mixer-grinders, 
one with fixed grinding wheels, and the other with adjustable 
wheels.—tT. E. D. 

Silica As a Refractory Material. E. Perez Blanco. (Inst. 
Hierro Acero, 1955, 8, Jan.-Mar., 22-49). [In Spanish]. A 
detailed review of the subject, based on the literature and 
the author’s own work, is given. The allotropy of silica and 
each of its modifications are considered. The desirable raw 
materials and silica-brick manufacture are dealt with; firing 
is considered in detail. Several binary and ternary equilibrium 
diagrams are included, and the desirable properties of silica 
bricks are discussed. In conclusion, the use of silica bricks 
is described, examples are given, with a series of dilatation 
curves for differing siliceous materials.—P. s. 

Influence on Refractory Life of Factors which Cannot be 
Controlled by Common Testing Methods. K. Konopicky. 
(Met. Ital., 1955, 47, Jan., 12-14). [In Italian]. This paper 
deals with the ‘ wetting’ of refractory materials by glass and 
Fe,0,. Wetting is measured in relation to time and to the 
age of the refractory. Differences are found to depend not 
only on the content of Al,O, in the refractory, but also on the 
structure of the refractory in contact with the slag. Penetra- 
tion of Fe,O, into silica refractory depends largely on the 
TiO, content. Fe,O,4, at a temperature of 1450° C., penetrates 
the refractory twice as fast if the surface is poor in TiO, than 
if it is rich in TiO,.—x. D. J. B. 

Three Tests of Refractory Products Carried — on the Same 
Furnace. J. Baron. (Met. Ital., 1955, 47, Jan., 7-11). [In 
French]. The article describes three tests carried out on 
refractory products under particularly reliable conditions. 
The tests, conducted in a graphite resistance furnace lined 
with alumina, have provided valuable information on refrac- 
tory failures under load. The experimental technique adopted 
has made it possible to reproduce consistent results from 
refractory test pieces submitted to similar conditions. The 
furnace has been used satisfactorily to produce a push-type 
dilatometer to investigate expansion up to temperatures of 
1750° C. Compression creep tests on refractories are also 
discussed.—m. D. J. B. 

Studies in the System CaO-MgO-CO,. (2). Limits of Solid 
Solution along the Binary Join CaCO,-MgCO,. R. J. Harker 
and O. F. Tuttle. (Amer. J. Sci., 1955, 258, May, 274-282). 
The subsolidus relations in the system CaCO,—-MgCO, have 
been examined between 500° and 900° C. There is evidence 
of a slight solid solution of calcite in both dolomite and 
magnesite but the magnesite in solid ee in dolomite 
was always less than 1% in this a —E. C. 8. 

A New Concept of Clay Plasticity. L. Marshall. (Bull. 
Amer. Ceram. Soc., 1955, 84, Feb., 4-80). Plasticity of clays 
was measured with a Brabender Plastograph. It was con- 
cluded that plasticity may be the result of physical properties 
(e.g. in kaolinite), or chemical properties (e.g. in montmoril- 
lonite), or combinations of the two, depending on the make-up 
of the clay mineral.—D. L. C. P. 

Laboratory Tests on the Abrasion Resistance of Refractories. 
F. H. Aldred, A. Elliott, and K. W. Cowling. (Trans. Brit. 
Ceram. Soc., 1955, 54, Apr., 239-250). A laboratory apparatus 
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for testing the abrasion resistance of refractory materials at 
room temperature and the preliminary trials are described. 
The size of sample (the abraded area is about 14 in. 1 in.) 
makes the test particularly useful for investigational work. 

Properties of Calcined Alumina. I. The Behaviour of Alumina 
Hydrates during Calcination. II. The Behaviour of Calcined 
Alumina during Fine Grinding. T. G. Carruthers and R. M. 
Gill. (Trans. Brit. Ceram. Soc., 1955, 54, Feb., 59-68; 69-82). 

The Flow of Aluminous Refractory Products at High Tem- 
peratures. Y. Letort. (Trans. Brit. Ceram. Soc., 1955, 54, 
Jan., 1-31). The deformation under constant load at 1350° C. 
was measured for some French fireclay products. It was 
found that the temperature of firing had a far greater effect 
on the rate of flow than either chemical composition or 
apparent porosity; the method = manufacture can also have 


an important influence.—D. L. Cc. P. 
On the Stability of Two Crystal Forms of Silica. S. N. 
Ruddlesden. (Trans. Brit. Ceram. Soc., 1955, 54, Jan., 32-39). 


By consideration of the electrostatic energies of the two types 
of crystal lattice, an explanation is offered of why, although 
tridymite is more stable, cristobalite is usually found as a 
devitrification product.—p. L. c. P. 

Measurement of the Electromotive Force at 1500°C., and 
X-Ray Studies of the Magnesium Oxide-Aluminium Oxide 
System. W. A. Fischer and A. Hoffmann. (Arch. Eisen- 
hiittenwesen, 1955, 26, Feb., 63-70). The authors describe 
potential measurements of the cell Pt/Al,O,/Al,0, — MgO/Pt 
at 1500°C. and correlate the results with those of X-ray 
back-reflection studies of MgO-Al,O, at the same tempera- 
ture. The solubility of Al,O, in spinel (MgO.A1,0,) proceeds 
at 1500° C. until a solid solution of composition 80-5°% Al,O, 
and 19-5% MgO is reached with a decrease in the lattice 
constant from a 8-066 0-002 A. toa 8-006 0-001 A. 
The potential measurements show that at 1500° C. ion con- 
duction prevails in the system MgO-AlI,0,.—v. a. 

The Properties of Natural Sillimanite Its Use in the Manu- 
facture of High Alumina Refractories and the Resulting 
Applications. M. C. Thomas and M. R. Fourneau. (Refract.J 
1955, 31, Jan., 2-8). A distinction is drawn between classically 
labelled ‘ sillimanite ’’ products, and “ natural sillimanite 
products ”’; the latter type of refractory is available com- 
mercially and properties and applications are described. 
Notable qualities are ability to withstand high temperatures, 
and thermal shock, so that many furnace applications are 
possi ble.—-pD. L. C. P. 

Steel-Ladle Trials on Fireclay Bricks. H. R. Lahr. (Trans. 
Brit. Ceram. Soc., 1954, 58, Oct., 621-634). The split-ladle 
technique was used to assess 13 brands of fireclay bricks 
(29-43% Al,O,) as ladle linings in two steelworks; results 
were compared with laboratory tests. Dense texture, low 
porosity, and high firing temperature were found more 
important than SiO,/Al,O, ratio. As a result the lower por- 
tions of ladles are now lined with the best-showing bricks 
and a 30% increase in monthly ladle life has — recorded. 

Thermal Shock Analysis of Spherical —. W. B. Crandall 
and J. Ging. (J. Amer. Ceram. Soc., 1955, 88. Jan., 44-54). 
A test for studying the thermal shock characteristics of a 
brittle material is described. Results are applied to support 
a theoretical treatment of thermal shock.—b. L. ¢, P. 

Effect of Shape on Thermal Fracture. Jl. M. Baroody, 
E. M. ge and W. H. Duckworth. (J. Amer. Ceram. Soc. 
1955, 88, Jan., 38-43). Some work on the influence of the 
shape and size of cylinders on thermal fracture is reported. 

Effect of Porosity on Thermal Stress Fracture. RK. L. Coble 
and W. D. Kingery. (J. Amer. Ceram. Soc., 1955, 38, Jan., 

3-37). Results of an investigation using sintered alumina 
are reported. In the samples tested, care was taken to keep 
constant the true properties of the solid phase. Resistance 
to thermal stresses at 50% porosity was about one-third of 
that estimated for zero porosity.—D. L. ©. P. 

Thermal Fracture of Ceramic Materials Under Quasi-Static 
Thermal Stresses (Ring Test). W. RK. Buessem and EF. A. Bush. 
(J. Amer. Ceram. Soc., 1955, 38, Jan., 27-32). The method 
developed to measure thermal stress resistance factors is 
described. Measurements are taken while a pile of rings, 
made from the material being tested, are cooled on the outside 
and progressively heated from the inside. Results are given 
for 5 ceramic materials.—D. L. C. P. 

Theory of Thermal Shock Resistance of Brittle Materials 
Based on Weibull’s Statistical Theory of Strength. ‘5. 3. 
Manson and R. W. Smith. (J. Amer. Ceram. Soc., 1955, 38, 
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Jan., 18-27). It is pointed out that a theory of thermal shock 
failure taking account of stress distribution within a body is 
more realistic than one based on attributing failure only to 
the attainment of a specific critical stress. Weibull’s statistical 
theory of strength, which takes account of this, is adapted 
to predict the strength of circular discs of brittle materials 
subjected to peripheral thermal shock.—p. L. c. P. 

Thermal Shock Testing. W. R. Buessem. (J. Amer. Ceram. 
Soc., 1955, 88, Jan., 15-17). The meaning of the results of 
thermal shock tests is considered. It is concluded that such 
results are not of a principal nature and are of limited applica- 
tion. Determination of the 5 intrinsic properties of a material 
affecting thermal shock values is recommended.—D. L. Cc. P. 

Factors Affecting Thermal Stress Resistance of Ceramic 
Materials. W. D. Kingery. (J. Amer. Ceram. Soc., 1955, 38, 
Jan., 3-15). The sources and calculation of thermal stresses 
are considered, together with the factors involved in thermal 
stress resistance. Properties affecting thermal stress resistance 
of ceramics are reviewed, and testing methods are considered. 

Recommended Letter Symbols for Thermal Stress Analysis. 
W. D. Kingery. (J. Amer. Ceram. Soc., 1955, 88, Jan., 1-2). 

A Laboratory Test for the Assessment of Ladle Bricks. 
J. Mackenzie. (Trans. Brit. Ceram. Soc., 1954, 58, Oct., 
654-665). A new laboratory test is described, and considered 
in relation to other tests and performance data. In the test, 
which is simulative, a brick sample is immersed in molten 
steel and liquid basic slag. The results bear some relationship 
to service behaviour, and are more reliable than from any 
other test. Required properties of a good ladle brick are 
summarized.—D. L. C. P. 

Experiments with Firebrick Batch for Dry-Pressing. J. M. 
MeWilliam and J. MeM. Gilmour. (Trans. Brit. Ceram. Soc., 
1954, 58, Oct., 673-696). The merits of high-grade dry- 
pressed firebricks and a method employed to investigate 
means of improving certain of their properties are examined. 

Ceramics for High-Temperature Applications. A. Pechman. 
(Aircraft Eng., 1954, 26, May, 157-160). 

Construction and Maintenance of Boiler Brickwork. A. R. 
Myhill. (Mech. World, 1954, 184, Dec., 564-567). Some notes 
are given on the best constructional and maintenance methods 
to be used on the brickwork of small and medium-sized boiler 
installations to obtain maximum economy of running.—D. H. 

The Problem of Basic High-Frequency Furnace Linings in 
Belgium. F. M. Bosch and R. Roels. (Silicates Indust., 1955, 
20, Apr., 139-143). Researches on the performance of furnace 
linings and crucible materials in steel melting are reported, 
and recommendations relating to the manufacture of refrac- 
tories, applicable particularly under Belgian conditions, are 
discussed.—?. F. 

Refractory Design Increases Rotary Kiln Efficiency. W. F. 
Rochow and W. C. Burke. (Min. Eng., 1955, 7, Mar., 285- 
290). The design of rotary kilns and the selection of refrac- 
tories are reviewed. Basic bricks provide good conductivity, 
particularly when steel plates are placed in the radial joints. 
** Lifter ’? courses improve heat transfer to the load.—kx. E. J. 

Melting Furnaces with Ceramic Flameless Gas Burners. 
A. V. Lakedemonskii.  (Liteinoe Proizvodstvo, 1954, (9), 
14-17). [In Russian]. Designs of ceramic nozzles for flameless 
gas burners, by which temperatures close to the theoretical 
can be obtained, and of ancillary apparatus are considered. 

Developments in Plant and Refractories at Consett Iron 
Company Limited. W. M. Fern. (Refract. J., 1955, 81, Mar., 
102-111). Consett is a fully integrated works and the plants 
are described with special reference to refractories. The open- 
hearth furnace roofs are safely heated up at a very high rate. 
In ladles, the physical properties of the brick linings has been 
found of overriding importance. The life of the magnesite 
mixer linings has been greatly improved by attention to 
design, brick quality and operation. Semi-silica has been 
adopted for the hot faces of soaking-pit and slab-reheater 
walls.—D. L. C. P. 

Examination of Histograms of the Behaviour of Bottoms. 
Delong. (Centre Doc. Sidér., Circ. Inform. Tech., 1955, 12, 
(3), 591-596). The life of converter bottoms in several works 
is examined. It is considered too soon to draw any con- 
clusions.—tT. E. D. 

Report on the Activity of the “‘ Fabrication ” Sub-Committee. 
Lanquetin. (Centre Doc. Sidér., Cire. Inform. Tech., 1955, 
12, (3), 603-605). Data on the consumption of the various 
refractory components in 17 steelworks are tabulated.—t. E. D. 


On the Construction and Operation of the All-Basic Oil-Fired 
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Open-Hearth Furnace. K. Morikawa and S. Tsuda. (Sumitomo 
Metals, 1954, 6, Oct., 240-255). [In Japanese]. An account 
is given of one year’s operation of the first all-basic furnace 
in Japan. Refractory consumption has been reduced, but 
various problems, including the falling-off of suspended 
refractories, require investigation.—k. E. J. 

Performance of Continental Ladle and Runner Bricks. 
G. Van Gijn. (Trans. Brit. Ceram. Soc., 1954, 58, Oct., 
635-653). An investigation is reported into the performance 
of ladle and runner bricks in a basic open-hearth steelworks, 
in which the importance of operating conditions and brick 
properties are assessed. It is concluded that there is no 
correlation between the usual laboratory tests and the 
behaviour of bricks in service. It is stated that consider- 
ation of the heterogeneous way in which properties are 
distributed in a brick—‘ topoceramics’—is an extremel\ 
useful concept.—D. L. C. P. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG IRON 


West Coast Pig Iron Boosted 50% As Kaiser Blows In Third 
Blast Furnace. (Western Metals, 1953, 11, June, 48-49). A 
brief report, with illustrations, of the blowing-in of a third 
blast-furnace by Kaiser Steel Corporation, Fontana, Calif. 
The furnace has a daily capacity of 1200 tons, bringing the 
plant’s capacity up to 1,536,000 ingot tons of steel per year. 

Tasks and Problems of Pig Iron Production in Switzerland. 
H. G. Erne. (Roll’schen Eisenwerke Mitt., 1954, 18, Jan.-June. 
1-12). The economic conditions and raw materials position 
of the iron and steel industry are described and a review is 
given of the blast-furnaces at Gerlafingen. ‘The properties 
of electric-pig iron are discussed. It is stated that a low oxygen 
and hydrogen content is characteristic of this type of iron 
while the nitrogen content is at a normal level. The carbon 
pick-up is relatively high owing to a low content of oxygen. 

The Oxygen Low-Shaft Furnace. H. G. Erne. (Roll’schen 
Eisenwerke Mitt., 1954, 18, Jan.-June, 13-23). The oxygen 
low-shaft furnace as operated at Gerlafingen is described. 
It is possible to maintain a great variety of reduction con- 
ditions. Thus, pig iron can be obtained from ore or steel 
scrap and grey cast iron from steel or cast iron scrap. The 
coke consumption is, however, greatly influenced by the 
reduction conditions.—v. E. 

The Results of a Year’s Research Work on the Low-Shaft 
Furnace. (Rev. Univ. Min., 1955, 9th series, 11, Feb., 45-67). 
Work carried out during 1954 on the low-shaft furnace at 
Liége which is supported by several European countries is 
discussed. The principal activities include the use of ore 
containing 25-30% iron and less than 30 mm. in size, the 
use of a variety of small metallurgical cokes of varied size, 
the charging of semi-coke, anthracite, and coal, and increasing 
the fines in the burden to 60%. Full details are given of slag 
and metal analyses, burden composition, and heat balances 
for the various operating conditions used.—8. G. B. 

All Sinter Burden Fed to Blast Furnaces. (Blast Furn. Stee! 
Plant, 1955, 48, Apr., 408-414). An account is given of the 
recent developments in ore preparation and sintering at the 
Appleby-Frodingham Steel Co.—s. a. B. 

Yawata Iron and Steel Works Establishes a Record in 
Production. K. Wada. (Blast Furn. Steel Plant, 1955, 48. 
Apr., 401-404, 414). An account of the blast-furnace practice 
at this Japanese plant is given. Six blast-furnaces are in 
operation, two being rated at 1100 tons/day. Recent operation 
has achieved 1400 tons/day on the large furnaces with a 
coke rate of 1300-1400 Ib. in spite of 12-5-13% ash in the 
coke. This has been accomplished by screening the burden. 
the use of sinter, and improved coke quality.—s. G. B. 

On Using Iron Sand in the Blast-Furnace. Y. Imao. (Swmi- 
tomo Metals, 1954, 6, Apr., 128-133). [In Japanese]. In 
view of the shortage of Fe-bearing materials, pyrite cinde: 
is used for sintering, with additions of iron sand to keep the 
Cu content within acceptable limits. The advantages and 
disadvantages of iron sand with regard to furnace working. 
its maximum limits and the TiO, balance are discussed. 

Blast Furnace Bears Under Indian Operating Conditions. 
H. Schrader and T. V. Cherian. (Z'rans. Indian Inst. Met., 
1953, 7, 27-43). A bear from a typical Indian blast-furnace 
of 900 tons daily capacity with a campaign life of 9} years 
was investigated. It consisted of a non-metallic portion of 
24% at the top, decreasing towards the bottom, which was 


NOVEMBER, 1955 





in re Ot tie a i a a ek 


ond 0h tit Oe os 


mitomo 
eccount 
furnace 
d, but 
pended 


Bricks. 
» Oct., 
‘mance 
works, 
l brick 
is no 
id the 
nsider- 
es are 
remely 


. third 
Calif. 
ng the 
> year. 
srland. 
-June, 
sition 
lew is 
erties 
xygen 
f iron 
arbon 
cygen. 
*schen 
xygen 
ribed. 
1 con- 
steel 
The 

y the 


‘Shaft 
5-67). 
ce at 
ies is 
f ore 
, the 
size, 
asing 
f slag 
ances 


Steel 
f the 
t the 


d in 
» 43. 
ctice 
re. in 
ition 
th a 
. the 
den. 


um? - 

In 
nder 
. the 
and 
ing. 





ABSTRACTS 281 


completely metallic. Large iron crystals were present in the 
top portion. The amount of free graphite and combined 
carbon decreased from top to bottom. TiC, 4TiN was present 
and formed a thin copper-coloured film on the crystal cleavage 
faces. The formation of silicon sulphide was proved to take 
place together with silicon carbide. The non-metallic portion 
consisted of kish precipitated from iron and of blast-furnace 
slag. The centre portion only contained some residual coke. 

The Role of Sulphur in Iron and Steel Making. T. P. Col- 
clough. (Blast Furn. Steel Plant, 1955, 48, May, 502-507). 
In the manufacture of coke 60% of the sulphur in the raw 
coal is retained in the coke. During the smelting of iron ore 
in the blast-furnace nearly all the sulphur in the charge is 
retained by the slag and no sulphur-bearing gases are formed. 
In steelmaking operation the sulphur in the metal is retained 
in the furnace slag and the chimney gases carry away all 
the SO, formed by combustion of the sulphur in the fuel 
used. The problem of atmospheric pollution by SO, is con- 
sidered and it should be noted that the whole of the sulphur 
present in the iron ores (except what is eliminated during 
sintering) and other raw materials is discharged as solid slag. 
The only sulphur discharged into the atmosphere arises from 
the fuels employed.—s. G. B. 

A Study of the Production of Regenerated Pig Iron. I. 
M. Yoda. (Nippon Kinzoku Gakkai-Si, 1951, B, 15, Oct., 
482-484). [In Japanese]. Trials showed that the C content 
of pig-iron increased as the coke rate increased; the increase 
depended on the type of coke, and was greatest with a gas 
coke of high fixed C and low ash content. Slag basicity had 
no effect on C content of the iron, nor did the addition of 
scrap pig have a significant effect. Tensile strength and 
hardness of the product were in inverse proportion to the 
C content.—k. E. J. 

Blast-Furnace Reactions: German Figures for Operational 
Calculations. (Jron Coal Trades Rev., 1955, 170, Mar. 18, 
629-630). A summary is given of German calculations used 
in investigating blast-furnace slag—metal relationships. The 
factors considered include the reaction between silicon and 
manganese, carbon saturation in iron, and the equilibrium 
between pig iron, slag, and solid carbon.—«. F. 

“3D” Probes the Blast-Furnace: Application of Stereo- 
scopic Photography in Metallurgy. ©. Burns. (Iron Coal 
Trades Rev., 1955, 170, Mar. 18, 603-608). The author has 
investigated burden movement in the combustion zone of the 
blast-furnace, using stereoscopic photography at tuyere level. 
The development of the technique and its fundamental 
principles are discussed, and the photographic results and 
the method of analysing them are described. The potentialities 
of the technique are considered.—e. F. 

Burdening the Blast Furnace. M. W. Lightner. (Steel, 
1955, 186, Feb. 7, 116-131; Feb. 14, 92-101; Feb. 21, 82-87; 
Feb. 28, 96-102). The articles discuss modern ideas on the 
influence of chemical and physical characteristics of the 
burden components and the charged burden on blast-furnace 
operation. Laboratory tests and operating experience are 
considered.—D. L. C. P. 

Analysis of Blast-Furnace Performance. C. G. Thibaut. 
(Centre Doc. Sidér., Circ. Inform. Tech., 1955, 12, (3), 563-582). 
The effects of carbon in coke, iron analysis, blast temperature, 
burden composition, and coke quality are examined. Per- 
formance data from a number of blast-furnaces are compared 
on the basis of a standard coke rate, which is defined. Data 
on the operation of six furnaces are tabulated and discussed. 





TREATMENT AND USE OF SLAGS 


Utilisation of Cements with a Base of Crushed and Granu- 
lated Slag for Surfacing of Roads and Airfields in Belgium. II. 
L. Blondiau. (Silicates Indust., 1955, 20, Apr., 147-161). 

Activation of Slags by Sodium Hydroxide. H. Manche. 
(Silicates Indust., 1955, 20, Apr., 144-146). The properties 
of cements and concretes made with sodium-hydroxide. 
activated slags were studied, and found to be of little practical 
importance.—P. F. 

Profitable Returns from Expansion of Blast Furnace Slag 
for Light Weight Aggregate. S. P. Kinney and F. Osborne, 
(Blast Furn. Steel Plant, 1955, 48, May, 493-501). A review 
is made of the Kinney—Osborne process for the expansion of 
blast-furnace slag by a combination of air, steam, and water. 
Details of the technique used, the economics of the processes, 
and uses for expanded slag are given.—B. G. B. 
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The Utilization of Blast Furnace Slag Requires Close Co- 
operation between Slag Processor and Furnace Operator. E. W. 
Bauman. (Blast Furn. Steel Plant, 1955, 48, June, 650-653). 

Use of Open Hearth Slag in Blast Furnace Results in Re- 
covery Economies. E. B. Speer. (J. Met., 1955, 7, Apr.. 
535-537). The Duquesne Works of United States Steel Corp. 
has developed practices permitting the use of open-hearth 
slag in the blast-furnace, with no adverse effect on finished 
steel analysis and quality, increased metallics recovery, and 
lower manganese and flux consumption.—«. F. 


PRODUCTION OF STEEL 


A/S Norsk Jernverk—-A New Integrated Plant in Northern 
Norway. (Metal Bull., 1955, Mar. 8, 11-13). The State-owned 
integrated iron and steel works at Mo i Rana is described. 
The melting shop is designed to produce 90,000—100,000 tons 
of electric steel and 180,000—-200,000 tons of basic Bessemer 
steel annually.—r. ¢. s. 

Europe’s Most Modern Thomas and Open-Hearth Steelworks. 
(Demag News, 1955, (139), 1-4). A pictorial review of the new 
SOLLAC plant near Thionville in France is presented.—s. G. B. 

Connection between the Process by which a Steel is Produced 
and Its Properties. S. M. Baranov. (Liteinoe Proizvodstvo, 
1953, (7), 23-26). [In Russian]. Theoretical and experimental 
material is assembled for the consideration of the differences 
between the properties of acid and basic steels. The effect 
on the properties of the steel is attributed to surface pheno- 
mena accompanying crystallization. Development of ideas 
on the influence of surface-active silicates leads to an explana- 
tion of the difference in properties of acid and basic steels. 
It also suggests a new treatment of the influence of aluminium 
and some other elements in the properties of a steel relative 
to the process used in its production. The properties of a 
steel can be adjusted over a wide range by controlling the 
degree of saturation of the liquid steel with high-silicon 
silicates.—s. K. 

A Giant in One Generation. (Steel, 1955, 186, Mar. 7, 
110-115). The growth of the Fontana Works of the Kaiser 
Steel Co. is described. Established during the war on the 
West Coast, there are now 3 blast-furnaces, 9 open-hearth 
furnaces, 225 coke-ovens, and 9 rolling mills.—p. L. c. p. 

The Ugine Steelworks. (Aciers Fins Spéc. Franc., 1954, 
Dec., 121-123). An account is given of the history of the 
Ugine Steelworks, which now includes are and induction 
furnaces, rolling mills, a forge, foundry, and a heat-treatment 
department. The output of the works is restricted to alloy 
and special steels, and details are given of some of the products 
available. Attention is also drawn to the developments in 
the use of hydro-electric power in this region.—r. A. c. 

The Use of Oxygen in Iron and Steel Making. F. Mazzoleni. 
(Ing. e Indust., 1954, 22, Nov., 78-84; Dec., 94-98; 1955, 28, 
Jan., 58-63). [In Spanish]. The present position concerning 
the use of oxygen in the iron and steel industry is reviewed. 
Industrial methods for the manufacture of oxygen are given, 
and its use in ladles, blast, open-hearth, and electric furnaces 
are described in the first part. In the following discussion of 
converter practice, oxygen-air, oxygen—carbon-dioxide, 
oxygen-—water-vapour, and oxygen side blowing techniques 
are detailed. In conclusion, converter blowing with pure 
oxygen is discussed, and the Ling and Donawitz plants are 
described.—P. s. 

Committee of Converter Steelworks Engineers. Luxemburg 
Works Visited by the Committee on Sept. 27 and 28, 1954. 
(Centre Doc. Sidér., Circ. Inform. Tech., 1955, 12, (4), 757-769). 
The Arbed works at Belval and Dudelange were visited, and 
also the Hadir works at Differdange. Details are given of 
blast-furnaces, converters, mixers, rolling mills, soaking pits, 
blooming mills, and the various services required in the 
works.—. E. D. 

Oxygen Steel Produced at Dofasco Can Compete with Open 
Hearth. F. J. McMulkin. (J. Met., 1955, 7, Apr., 530-534). 
The ‘‘L-D” oxygen steelmaking process is in use at the 
Dominion Foundries and Steel Ltd., Hamilton. The author 
outlines the layout of the steel plant and gives details of the 
vessel used and its lining. The control of temperature, slag, 
and final steel analysis is described, and the advantages of 
the process are discussed.—ca. F. 

A Means of Stopping the Basic-Bessemer Operation: Measure- 
ment of the True Temperature of the Converter Flame. J. 
Galey and P. Leroy. (Lron Coal Trades Rev., 1954, 169, 
Oct. 22, 991-993). The authors describe two procedures 
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evolved in an attempt to obtain closer control of the con- 
version period in the basic Bessemer process. The first pro- 
duces a signal, based on the opacity of the flame, indicating 
the end of the conversion; the second records the true tem- 
perature of the flame, enabling the thermal behaviour to be 
controlled.—e. F. 

Experience of a Converter Plant on the Question of German 
Norms. Guerithault. (Centre Doc. Sidér., Circ. Inform. Tech., 
1955, 12, (3), 597-602). The change from existing patterns 
of a number of ladle components*to German patterns is 
discussed. Ladle rod collars, plugs, nozzles, and nozzle 
seatings of the design used in Longwy works and of German 
design are compared. Advantages of each are examined. 

Desulphurization in the Basic Convertor. J. Wambach and 
A. Decker. (Rev. Univ. Min., 1955, 9th series, 11, Feb., 68- 
75). A description is given of the basic converter practice 
at Hadir. Lime is added to the convertor, and the influence 
of the particle size on the elimination of sulphur from the 
metal is discussed. The manganese content of the metal has 
a considerable influence on desulphurization: the greater the 
manganese content the lower the sulphur. The influence of 
slag basicity and blowing conditions are also explained. The 
use of double slags and sodium carbonate is briefly reported. 

Oxygen Steelmaking Arrives. T. F. Hruby. (Steel, 1955, 
186, Apr. 4, 80-84). The operation of the Austrian oxygen- 
blowing steelmaking process at McLouth Steel Corp., Detroit, 
and Dominion Foundries and Steel Ltd., Hamilton, Ont., is 
described. It is reported that it is economically sound, 
requires low capital investment, has high output, and is 
operationally flexible.—p. L. c. P. 

Modern American Open-Hearth Furnace Design. E. S. 
Harman. (Met. Jtal., 1955, 47, Apr., 168-176). [In Italian]. 
This paper discusses the cperation and design of O.H. furnaces 
in the U.S.A. and compares American and European practices. 
Means of getting the highest possible furnace utilization, the 
best furnace life, the best fuel economy, and factors such 
as air preheat and combustion control are examined, as well 
as working conditions for the operatives.—™. D. J. B. 

Anatomy of the Open Hearth. J. S. Marsh. (Trans. Amer. 
Inst. Min. Met. Engq., 1955, 208; J. Met., 1955, 7, Apr., 
545-554). The author first discusses the general structure 
of the O.H. furnace and the effect of the burner on the flame 
shape and flow patterns. A number of flow patterns, obtained 
in single and double-pass regenerator systems, are illustrated 
and the importance of the results is discussed.—c. F. 

Open Hearth Furnaces and Recuperators. J. E. Lafon. 
(Met. Constr. Mécan., 1955, 87, May, 417-423). The design of 
recuperators for use with O.H. furnaces is discussed, particular 
reference being made to U.S. practice. Two types of ejector 
recuperator—the Isley-Morgan and the Hall type—are 
described. These are very efficient and economic to install. 

The Practice of Slag Withdrawal from the Slag Chambers of 
the Siemens-Martin Furnaces of the Acindar Works, Rosario, 
Argentine. J. C. Nunez and M. M. Balarini. (Bol. Assoc. 
Brasil Met., 1955, 10, July, 265-270). [In Portuguese]. The 
problems of slag withdrawal are discussed, and the various 
attempts which were made to expedite the process are 
described briefly. The present practice is to make the slag 
chamber with a false bottom from dolomite and alumino- 
silica bricks and to enclose it within false walls; partitions, 
if necessary, are also included. The false bottom can be 
readily broken up mechanically and facilitates withdrawal 
of the block of slag. Sectional diagrams of the slag chamber 
construction are included and the last campaign figures are 
given in evidence of the improved efficiency.—?. s. 

Quality Control—Use of Statistical Methods in Steel Industry. 
A. V. Sukhatme. (Trans. Indian Inst. Met., 1953, '7, 123-136). 
The use of statistical quality control at Tata Iron and Steel 
Co., Jamshedpur, is discussed with reference to specific 
examples such as the control of pouring weights, analysis 
correlation, and sampling.—D. H. 


Report of the Sub-Committee on Charge Composition. 
Terrat. (Centre Doc. Sidér., Cire. Inform. Tech., 1955, 12, 
(5), 991-999). Types of serap are defined and tabulated. The 
establishment of a suitable charge, composed chiefly of scrap, 
is discussed. Variation of the production rate as a function 
of the physical state in which the pig iron is put into the 
O.H. furnace is examined. Three examples of duplexing are 
given. The use of limestone instead of chalk is studied. 

Production Control of Quality Steels. R. W. Graham. 
(Blast Furn, Steel Plant, 1955, 48, June, 619-626). The prac- 
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tice developed by the Duquesne Works, United States Steel 
Corp., Pennsylvania, for the manufacture of carbon, alloy, 
and stainless steels is discussed. The steels are for use in 
the manufacture of working parts subjected to extreme 
stresses in service or fabrication. Low-sulphur and silicon 
pig irons are used and a substantial quantity of O.H. slag is 
charged into the blast-furnaces. Open hearth, soaking pit, 
and rolling operation is discussed.—B. G. B. 

Production Difficulties in Steelworks Caused by an Increase 
in Proportion of Hot Metal Charged to Open-Hearth Furnaces. 
8S. Tochowiez. (Hutnik, 1954, 22, (4), 113-119). (In Polish). 
The influence on the output of increased metallurgical load 
imposed on O.H. furnaces as a result of a larger proportion 
of hot metal charged is discussed. Methods of pre-treatment 
of hot metal to reduce its sulphur, silicon, and phosphorus 
contents are outlined.—v. «a. 

Automatic Control of Oil-Fired Open-Hearth Furnace. T. 
Otsuka and D. Yoshinari. (Sumitomo Metals, 1954, 6, Oct., 
233-239). [In Japanese]. The installation of automatic 
control for furnace pressure, roof temperature, fuel/air ratios, 
oil temperature and pressure, and reversal led to improved 
fuel consumption, increased production, and longer roof 
life.—K. E. J. 

The Principal Parameters Characterizing the Open-Hearth 
Furnace and its Performance. V. Balabanov. (Hutnické Listy, 
1955, 10, (5), 266-278). [In Czech]. Characteristics of existing 
furnaces in the principal industrial countries are reviewed and 
compared. The relation between design variables and _ per- 
formance is discussed.—?. F. 

Some Factors Affecting Open-Hearth Performance. D. J. 
Carney, J. J. Oravee, and E. Van Meter. (Trans. Amer. Inst. 
Min. Met. Eng., 1955, 208; J. Met., 1955, 7, Jan., Section 1, 
39-50). The authors have studied some of the factors affecting 
regenerative efficiency and air preheat in O.H. practice, 
using suction pyrometers, continuous gas analysers, and 
thermocouple and optical pyrometers. The effects of furnace 
age, operating variables, and design on regenerative efficiency 
are discussed, and thermal gradients in the checker system are 
considered, The effect of preheat temperature on production 
rate is also evaluated. The data show the need for closer 
control of firing practice, for reducing air infiltration in the 
uptake zones, and for further study of design of checkers and 
uptake-fantail areas.—«. F. 

Oxygen Blast Enrichment Shortens Blowing Time. (Steel, 
1955, 186, Mar. 21, 124-130). Recent steelmaking practices 
in various countries involving the use of oxygen are reviewed. 
British methods mentioned include gunning oxygen on to the 
O.H. bath, and lancing into the ladle or furnace. German 
Thomas converter practice is mentioned, and also the Austrian 
**L-D ” process.—D. L. C. P. 

Report on the Activity of the Oxygen Sub-Committee. 
M. Richard. (Centre Doc. Sidér.,Cire. Inform. Tech., 1955, 12, 
(3), 607-608). The report is concerned with the use of oxygen- 
enriched converter blast in trials at Thionville. After some 
general observations, preliminary results obtained using 
(O, + CO,) blast are reported.—t. E. D. 


ROLLING MILL PRACTICE 


Flying Shears for Bars and Billets. Mechanical Design 
Features. KR. Stewartson. (J. Iron Steel Inst., 1955, 181, 
Nov., 232-247). [This issue]. 

Flying Shears for Bars and Billets. Electrical Requirements. 
8. R. Phelps. (J. Iron Steel Inst., 1955, 181, Nov., 247-262). 
[This issue]. 

The Roller-Straightening of Sections and Rails. W. A. J. 
Dinwoodie. (J. Iron Steel Inst., 1955, 181, Nov., 263-272). 
[This issue]. 


METALLOGRAPHY 


Metallography of Delta-Ferrite. IV-—Decomposition of 
5-Ferrite between 600° and 1000° C. in a Low-Carbon 18/10/3 
Cr-Ni-Mo Corrosion-Resisting Steel. V—-d-Eutectoid and the 
Constitution Diagram of the Fe-M-C System. K. Kuo. (J. 
Iron Steel Inst., 1955, 181, Nov., 213-218, 218-227). [This 
issue]. 

Cathodic Etching in the Metallography of Steel. V. Havel 
and D. Tlusta. (Hutnické Listy, 1955, 10, (2), 96-98). [In 
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Czech]. Methods used and results ee with a number 
of steels and cast irons are given.—P. 

Brightness and the Impression of Brightness. 4H.-D. 
Schulz-Methke. (Metalloberflache, 1954, 8, Nov., Al61—a164). 
The problem is discussed of measuring the brightness of a 
metallic surface by observing the reflection and scattering 
of light from it.—1. D. H. 

Practical Application of a System of Metallographic 
Polishing Using Diamond Abrasives. L. E. Samuels and 
M. Hatherly. (Metallurgia, 1954, 50, Dec., 303-308). The 
advantages are described of an improved system of mechanical 
polishing, based on the use of diamond abrasives, for the 
routine preparation of ferrous, aluminium, magnesium, and 
copper alloys.— B. G. B. 

Topochemical Reactions with Electrolytic Deposits, Applied 
to the Investigation of their Structure. A. Kutzelnigg. 
(Metalloberfliche, 1955, 7, Feb., 817-820). A description is 
given of the technique of the treatment of micrographic 
sections so as to obtain coloured substitution products. 
The method is applied to the investigation of the “iad of 
silver, bright chromium, and bright nickel deposits.—. D. H. 

A Study of Electrolytically Isolated Carbides rite Low- 
Alloy Boiler Plate. M. 77 A. Smrhova, and F. Ermis. 
(Hutnické Listy, 1955, 10, (3), 149-162). [In Czech]. The 
separation and Brachial of the carbides are described. 
Chemical and electron-diffraction methods were used for the 
identification. Carbides in vanadium steels were found to 
stabilize sooner than in molybdenum steels of similar com- 
positions. The mode of carbide stabilization is described on 
the basis of data obtained in experiments carried out in the 
range 500-550° C. over periods of 8000-125,000 hr.—P. F. 

The Segregation of Impurities to Grain Boundaries. W. ht. 
Thomas and B. Chalmers. (Acta Met., 1955, 3, Jan., 17-21). 
It is experimentally shown that in a Pb—Bi alloy, polonium 
segregates to the grain boundaries to an amount dependent 
on temperature and the orientation of adjacent crystals. 

Overheating of er M. Remy. (Centre Doc. Sidér., Cire. 
Inf. Tech., 1955, 12, (2), 407- 429), Grain coarsening, burning, 
and overheating ih when steels are heated in the 
austenitic range are discussed. Detection of overheating by 
superficial examination and study of fractures or micrographs, 
is described. The influence of overheating on the mechanical 
properties of steel is surveyed. The effects of external 
conditions and steel composition on the phenomenon are 
mentioned, and a tentative explanation of the mechanism 
of overheating put forward.—t. E. D. 

Twinned Crystals. R. W. Cahn. (Advan. Phys.. 1954, 3, 
Oct., 363-445). A review is given of the known facts and well- 
substantiated generalizations concerning mechanical twinning, 
with some indication 9 the main theoretical concepts. 
(208 references).—K. E. 

A Dislocation Model for the Origin of Fracture Cracks in 
Metal Crystals. J.C. Fisher. (Acta Met., 1955, 3, Jan., 109 
110). A mechanism of crack formation during plastic 
deformation is proposed.—a. D. H. 

On Deformation and ogra 3 F. C. Frank and N. 
Thompson. (Acta Met., 1955, 3, Jan., 30-33). The authors 
point out that in crystallographic studies of twinning, it is 
necessary to distinguish between the strain due to complete 
twinning and the macroscopic strain due to the formation 
of a thin lamina. The critical shear stress hypothesis is 
considered in relation to twinning.—A. D. H. 

Segration in Plastically Deformed Solid Solutions. H. 
Schumann. (Met. wu. Giesserei Techn., 1954, 4, Nov., 474-484). 
It is demonstrated theoretically that segregation from super- 
saturated undeformed solid solutions is fundamentally 
different from segregation in plastically deformed solid 
solutions in which additional energy introduced by cold 
forming is not evenly distributed over the metal, but is 
concentrated at lattice defects. The theory is supported by 
the literature on the systems Fe-H, Fe-N, Cu-Sn, Cu-Zn, 
and Au—-Ni.—t. J. L. 

The Effect of Alloying Elements on the Solubility of Nitrogen 
in Iron. II—The Solubility of Nitrogen in «-Iron Containing 
up to 0-51°% Vanadium. E. T. Turkdogan, 8. Ignatowicz, 
and J. Pearson. (J. Iron Steel Inst., 1955, 181, Nov., 227-231). 
[This issue]. 

Effect of Alloying Elements on the Recrystallization 
Softening of Iron and Steels. T. Sato, T. Nishizawa and 
Y. Honda. (Tetsu to Hagane, 1954, 40, Deo. 1115-1119). 
[In Japanese]. Studies were made on alloyed steels annealed, 
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cold-reduced, and re-annealed at various temperatures. 


Nb, Ti, Mo, W, V, Cr, and Co raised the recrystallization 
temperature and retarded softening. Ni, Mn, Si, Al, Sn, and 
P hardly changed the softening range of ferritic steel. Cu, in 
greater amounts than the solubility limit, raised the softening 
temperature. Steel with a spheroidal structure was more 
easily softened than that with a lamellar one. High-Ni and 
high-Mn steels with austenitic structures showed higher 
softening temperature than the ferritic steels.—k. E. J. 

Apparatus for X-Ray Diffraction Studies of Metals under 
Controlled Stress at Elevated Temperature. LL. 8. Birks. 
(Rev. Sci. Instruments, 1954, 25, Oct., 963—966). A Geiger- 
counter X-ray spectrometer is described for diffraction 
studies of metals over a range of temperatures up to the 
melting point of steel, and a range of stresses up to the maxi- 
mum tensile stress. Applications to the study of iso- and 
athermal transformation studies are described.—t. D. H. 

A Proposed Method for Electronic Intensification of Single- 
Crystal X-Ray Diffraction Images. A. RK. Lang. (Rev. Sei. 
Instruments, 1954, 25, Oct., 1032-1033). A description is 
given of the use of the Phillips Type I8180 X-ray image 
intensifier, and its application to the use of fluoroscopy with 
reduced exposures in the study of complex crystals structures. 

Studies on the Martempering Treatment of High Carbon- 
Chromium Steels. Y. Yasuda and T. Muraji. (Tetsu to Hagane, 
1954, 40, Nov., 1066—1071). [In Japanese]. To h: irden small 
complex-shaped forgings investigations were made regarding 
the cooling ability of various media, the heating temperature, 
and the quenching conditions. As to residual stress, air- 
cooling after martempering gave the best results, and the 
stress was maximum when isothermal treatment was held 
until transformation began.—k. E. J. 

The Influence of — cmanapee - the Nucleation of 
Secondary Phases. P. J. Clemm and. . Fisher. (Acta Met., 
1955, 3, Jan., 70 is, The critical energy aaa for the 
nucleation of a second phase in a homogeneous solid matrix 
is calculated for two, three, and four grain junctions and it is 
shown that the energy required to form ferrite in an austenite 
matrix is least for four-grain junctions and such sites will be 
favoured. Three- and two-grain junctions are the next most 
favoured sites.—aA. D. H. 

Theory of Cellular Precipitation. D. Turnbull. (Acta Met., 


1955, 3, Jan., 55-63). The kinetics of precipitation of tin 
from lead are interpreted and shown to be consistent with the 
Becker nucleation theory. A general theory of cellular 


precipitation is developed.—a. D. H. 

Solubility of Cementite In Liquid Iron. M. Hillert. (Acta 
Met., 1955, 3, Jan., 37-38). Thermodynamic studies are 
used to show that solubility curves for cementite and 
graphite must intersect at 10° C. below the eutectic tempera- 
ture. A revised Fe-C diagram is constructed and used to 
explain the effect of cooling rate and carbon content on the 
formation of cementite during the solidification of east iron. 

Dehomogenization of Solid Solutions. L. Colombier. 
(Metal Progress, 1955, 67, Feb., 116-117). The spontaneous 
segregation of certain constituents can occur in alloy steels 
during holding at high temperatures. Examples of this 
‘dehomogenization’ are discussed and enable explanations 
to be proposed for a number of metallurgical phenom na. 

Austenitic and Martensitic ee P. Bastien and 
J. Dedieu. (Métaux-Corrosion-Indust., 1955, 30, Jan., 1-8). 
The stabilization of austenite and martensite in 18/8 stainless 
steels is considered. The heterogeneous distribution of 
austenite in transformed specimens is discussed and some 
observations are made on the hysteresis of martensite trans- 
formations.——B. G. B. 

Contribution to the Technology of Austenitic Chromium- 
Nickel Steels. Connection between Carbon, Ferrite, and 
Titanium Contents. Embrittlement Due to the Formation of 
a Brittle Phase at Higher Titanium Contents. W. Goedecke. 
(Werkstoffe Korrosion, 1954, 5, Dec., 488-496). Quantitative 
experimental data are reported on the above subjects, steels 
with carbon as low as 0-002°, being obtained by annealing 
in a partial vacuum. After heat-treatment these steels 
contained 10°, or more of ferrite, as compared with 1°, or 
less in a steel with 0:15°, of carbon. Studies of the effects of 
titanium additions on carbon fixation and ferrite formation 
showed that under certain circumstances a brittle phase was 
formed, probably consisting of a Mo~-Ti-Fe compound. 

Accelerating the Austenite—Pearlite Transformation of a 
2°.-Cr, 2%-Ni Case-Hardening Steel by Vanadium. S. 
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Ammareller and P. Opel. (Stahl u. Eisen, 1955, 75, Jan. 27, 
65-69). Great variations in the austenite pearlite transforma- 
tion rate were observed in heats of a die steel containing 
Cr 1-8-2-1%, Ni 1-8-2-1%, C 0-15-0-20%, Si 0-15-0-35% 
and Mn 0-40-0-60°. This steel tends to cracking on forging 
if transformation is not complete. The transformation time 
for the heats varied between 1 and 24 hr. Isothermal trans- 
formation curves showed that the isothermal transformation 
time at 675° C. is shortened by adding 0-1°% V so much that 
isothermal heating at 675° C. is no longer necessary. The 
vanadium-bearing steel did not crack. The carbon had to be 
raised from 0-15—0-20°, to 0-17-0-22°% to make up for the 
carbon combined with the vanadium.—t. G. 

Some Recent Work in cima Metallurgy in Sweden. 
E. Rudberg. (Metal Progress, 1955, 67, Jan., 104-107). 
Incomplete reactions in solid alloys (metastability) are the 
subject of a considerable amount of research work in Sweden. 
The bainitic hardening of alloy steels, the martensitic 
hardening of 18/8 stainless steel and the earliest stages of 
precipitation hardening in non-ferrous alloys are being 
studied.—s. G. B. 

Improvement of Case-Hardened Parts by Controlling 
Internal Stresses. J. Pomey. (Metal Progress, 1955, 67, 
Jan., 147-153). Correct compressive stresses at and near 
the surface which raise the endurance limit by 40° can be 
obtained by carbonitriding followed by heat-treatments 
which produce either a bainitic core, a pearlite core, or a 
slightly spheroidized core, yet retain a surface approaching 
a Vickers hardness of 1000. Method of obtaining these struc- 
tures are described.—B. G. B. 

How Austenitizing Conditions Affect Medium Alloy Steels. 
A. R. Troiano and R. J. Hehemann. (Iron Age, 1954, 174, 
Nov. 11, 124-126; Nov. 18, 151-153). Austenitizing con- 
ditions are important factors affecting the transformation 
characteristics of steels. In the investigation reported the 
effects of temperature and time of heat-treatment for three 
medium-alloy steels were studied.—D. L. C. P. 

A Supplement to Investigation of Equilibrium Diagram 
of Fe-As-C System. H. Sawamura, T. Mori, and I. Iwatsutu. 
(Suiyokwai-Shi, 1954, 12, Oct., 367-370). [In Japanese]. 
Ag, A, Ao transformation temperatures of thirty-five kinds 
of arsenic-bearing irons and steels were measured and are 
tabulated, together with compositions, in English.—J. G. w. 

Electronic Structure of Primary Solid Solutions in Metals. 
J. Friedel. (Advan. Phys., 1954, 3, Oct., 446-507). The 
electronic structure of alloys is considered from the aspects 
of valency, size, and polarization. (120 references).—k. E. J. 

Some Applications of Isoactivity Lines. M. Hillert. (Acta 
Met., 1955, 8, Jan., 34-36). Connections between phase 
boundaries and isoactivity lines in isothermal sections of 
ternary systems and between tie lines and the change in 
activity along a phase boundary are deduced.—a. D. H. 

The Determination of the Crystal Structure of the o Phase 
in the Iron-Chromium and Iron-Molybdenum Systems. 
C. Bergman and D. P. Shoemaker. (Acta Crystallographica, 
1954, 7, Dec., 857-865). The crystal structure of the o phase 
in the Fe-Cr system at 46-5 at.-°%4 Cr was determined by 
powder and_ single-crystal X-ray diffraction methods. 
A similar investigation was made on o Fe-Mo. Reasonably 
reliable information was obtained regarding the distribution 
of iron and molybdenum in o Fe—Mo, and the distribution 
of atoms in o Fe-Cr is probably substantially the same. 


The Kinetics of the Precipitation of New Phases in Solid 
Solutions. B. Ilschner. (Arch. Hisenhiittenwesen, 1955, 26, 
Jan., 59-62). The diffusion phenomena during the isothermal 
precipitation from a solid solution are analysed. Zener’s 
parabolic law can be applied if the diffusion fronts which 
surround the individual precipitates do not overlap.—rT. G. 


The Thermodynamic Analysis of Binary and Multiphase 
Systems. (Determination of the Activities of the Components 
of Solid Solutions and Mixtures from Calorimetric Measure- 
ments Alone). W. Oelsen, E. Schiirmann, and G. Heynert. 
(Arch. Hisenhiittenwesen, 1955, 26, Jan., 19-42). An attempt 
has been made to develop a theory for the quantitative 
determination of equilibria between phases from thermo- 
dynamic potentials or the free enthalpy. The decisive 
quantity for such a determination is the heat content Jz, 7 
of a binary or multiphase system which can be determined 
without difficulty.—r. cG. 

Theory of Growth of Coupled Precipitates. O. Krisement. 
(Arch. Eisenhiiitenwesen, 1955, 26, Jan., 55-57). In coupled 
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precipitation, i.e., the simultaneous precipitation of two or 
more phases such as occurs in the eutectoid decomposition 
of a solid solution, growth of the two-phase precipitate. is 
proportional to time. The growth of a particle precipitated 
from a solid solution of initially uniform composition follows 
Zener’s law in the form «(D-t)3/2, but when two phases are 
formed as occurs in a eutectoid decomposition, growth follows 
a t5/2? law. This law can be applied to the pearlite formation 





Investigations of the General Law of Mass Action. KE. Scheil. 
(Z. Metallkunde, 1955, 46, Feb., 77-83). The law of mass 
action is discussed in relation to the establishment of the 
form of the equilibrium isotherms between binary alloys and 
a slag of both constituents.—1. D. H. 

A Low-Alloy, Cr-Mo-Ti-B Steel for Use up to 1200° F. 
(Metal Progress, 1954, 66, Dec., 84-89). The structure and 
oe her properties of a boron-treated 3%Cr, 0°5°%,Mo, 

-5° Ti, low-carbon steel which has been produced on a 
semi-commercial scale are discussed. The new steel has creep 
and stress-receptive properties superior to stabilized 18/8 
stainless steel at least to temperatures up to 1200° F. and 
times up to 100 hr.—n. G. B. 


CORROSION 


Effect of Rate of Flow on the Precipitation of Scale and 
the Related Corrosion of Hot-Water Plant. L. W. Haase. 
(Werkstoffe Korrosion, 1955, 6, Feb., 81-84). The precipitation 
of scale from a hard water is largely determined by the ‘ wall 
alkalinity.’ The author discusses how this factor is affected 
by the rate of flow of the water relative to the (metal pipe) 
wall and by the temperature gradient in the water and across 
the wall. He then considers how these variables can be turned 
to good account by suitable design in reducing the corrosion 
of hot-water appliances.—J. Cc. H. 

Inhibition and Inhibitors. H. Fischer. (Werkstoffe Korrosion, 
1955, 6, Jan., 26-32). A distinction is made between physical 
inhibitors that shield the metal surfaces by adsorption and 
chemical inhibitors that protect the metal by reacting with it 
to form a thin film. Some chemical inhibitors also act by 
reacting with the corrosive medium and rendering it non- 
aggressive. The mechanism of inhibition by both types of 
inhibitor is discussed and various related phenomena are 
analysed systematically.—s. c. H. 

The Role of Solid Corrosion Products in Determining 
Corrosion. W. Feitnecht. (Werkstoffe Korrosion, 1955, 6, 
Jan., 15-26.) The author has made laboratory studies of 
how the corrosion process for zine in sodium chloride solution 
is affected by the composition. structure and mode of 
dispersion of the solid corrosion products.—s. c. H. 

How to Prevent the Corrosion of Metal Articles during 
Storage and Shipping. G. Schikorr. (Werkstoffe Korrosion, 
1955, 6, Jan., 9-14). Modern knowledge of the subject and 
current practice are reviewed with particular reference to 
the American Specifications MIL-—P-116B, of 1952, for 
‘ Methods of Preservation.””—J. Cc. H. 

The Use of Corrosion Inhibitors in Oil Refining. P. W. 
Sherwood. (Werkstoffe Korrosion, 1955, 6, Jan., 2-6). A 
practical article describing the increasing use of inhibitors 
for preventing corrosion by waters in oil refineries.—J. Cc. H. 

The Use of Cathodic Protection in the Chemical Industry. 
W. Rausch. (Werkstoffe Korrosion, 1955, 6, Apr., 189-198). 
Under appropriate circumstances cathodic protection is a 
valuable means of preventing corrosion in water coolers, 
boilers, and similar plant used in the chemical industry. For 
these purposes the author prefers the use of sacrificial anodes, 
which is more flexible and less complicated than methods 
involving A.C.—4J. c. H. 

Corrosion and Heat of Activation. M. Werner. (Werkstoffe 
Korrosion, 1955, 6, Mar., 113-117). The results obtained by 
Wickert for the oxidation of iron by steam and by other 
workers for similar corrosion reactions are used to discuss the 
theoretical relationship between corrosion velocity and heat 
of activation.—J. Cc. H. 

Oxidation and Corrosion Processes at Moderately High and 
Low Temperatures. K. Hauffe. (Werkstoffe Korrosion, 1955, 
6, Mar., 117-130). The author advances theories for the 
mechanism of the oxidation of metals at moderately high 
temperatures and at low (ordinary) temperatures based on 
experimental data obtained by Wagner, himself, and other 
workers. Oxidation at high temperatures can generally be 
explained by the diffusion of ions through the oxide film, but 
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the process is complicated at low temperatures by the develop- 
ment of electric fields in the surface layers. The practical 
applications of these theoretical conceptions are illustrated, 
inter alia, by the choice of steels for use in boilers above 
600° C. This temperature exceeds the transformation point, 
575° C. of Fe,0, to FeO; it is, therefore, advisable to alloy 
the steel with elements, such as chromium and nickel, which 
repress the dangerous formation of the FeO phase by including 
the formation of mixed Cr-Ni spinels in the oxide layer. 

Developments in Water Treatment designed to yield 
Greater Protection against Corrosion. L. W. Haase. 
(Werkstoffe Korrosion, 1955, 6, Mar., 130-132). A review is 
given of developments during the last three decades in water 
treatment that tend to reduce the corrosion of the supply 
lines. These include more efficient filtration, better aeration 
of the water, and wiser use of inhibitors, such as sodium 
silicate and various phosphates.— J. C. H. 

Rate of Flow as a Determining Factor in Corrosion by 
Sulphuric Acid. H. W. van der Hoeven. (Werkstoffe Korrosion, 
1955, 6, Feb., 57-62). The author gives original experimental 
results for the corrosion of 0-2% carbon steel in sulphuric 
acid of 50-100% concentration by weight at 25°, 40°, and 
60° C. The data relate to static conditions and to acid flowing 
at rates of up to 5 m./sec. Corrosion is very much greater 
under conditions of movement than when the acid is still, 
so that results obtained under the latter conditions may be 
misleading when applied to chemical plant. Two types of 

apparatus for making tests in moving acid are described. 


The Development of Cathodic Protection for Buried and 
Submerged Metal Structures. J. Lliovici. (Werkstoffe Korrosion, 
1955, 6, Apr., 181-189). Numerous practical examples are 
given of the application of cathodic protection in France, 
which dates from about 1937; nearly 4000 miles of pipeline 
are now protected in this way. The types of structure 
discussed include steel pipelines laid in soil or under water, 
reinforced concrete mains, other buried or submerged steel 
structures, and lead-sheathed cables.—s. c. H. 

Resurgent Corrosion Fighter. (Chem. Eng., 1955, 62, 
Feb., 140, 142). The corrosion inhibiting properties of sodium 
nitrite in neutral or alkaline media for steel are described. It 
is effective in low concentrations, in circulating water 
systems, in stored oil where it dissolves in traces of water, 
in surface treatment of metal parts during brief storage or 
before enamelling, in boiler feed water, and in cutting oils. 

Effect of Oxygen, Chemicals and Calcium Ions on Corrosion 


Inhibition by Polyphosphates. H. H. Uhlig, D. N. Priaclis 
and M. Stern. (J. Electrochem Soc., 1955, 102, Feb., 59-66). 


Corrosion tests on mild steel have shown that 60 p-p.m. of 


‘Calgon’ (76% Na, PO,y, 24% Na, P, O,) is an effective 
corrosion-inhibitor provided that the solution contains 
<1 ml./l. oxygen, even though Cat+ is present; otherwise 
Ca++ improves inhibition. In solutions containing <0-01°, 
NaCl, Calgon inhibits corrosion, but in greater Cl! concen- 
trations passivity is lost. Ca++ continues to function 
partially at higher concentrations. The mechanism of 
inhibition is discussed.—a. D. H. 

Cathodic Protection. M. Mote. (Mines Mag., 1954, 44, 
Dec., 35-38, 42). A general survey is made of electrochemical 
corrosion and means of protecting steel structures, dealing 
particularly with protection by impressed voltages, sacri- 
ficial anode systems using zinc and magnesium. and zinc 
coatings applied by hot-dip galvanizing, etc.—k. E. J. 

Swedish Method of Counteracting Corrosion Damage to 
Engines. J. Grindrod. (Corrosion Techn., 1955, 2, Mar., 
87-88). The author describes a device, developed by 
Aktiebolaget Brostréms Linjeagentur of Gothenburg, which, 
it is claimed, neutralizes the corrosive action of electrical 
phenomena in ships’ engines. The method consists of attract- 
ing part of the electron surplus in the engine frame, cylinders, 
and hull through a positive pole and delivering these electrons 
through a negative pole to parts lacking electrons, such as 
crankshaft, connecting rods, etc. In this way, zero potential 
is obtained between movable and fixed parts.—.. E. w. 

Cathodic Protection of by gm Structures. W. G. 
Waite. (Corrosion Techn., 1955, 2, Feb., 47-49; Mar., 83-86). 
The author discusses in outline cathodic protection in relation 
to some of the methods of investigation. The galvanic, 
impressed current, and current-drainage methods are dealt 
with, and the factors to consider when selecting a protective 
method are indicated. The development and choice of 
materials (including graphite anodes) for giving the best 
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protection are discussed. A survey of the applications and 
limitations of cathodic protection is inc luded.—.L. E. W. 

Localised Corrosion in Steam Boilers. K. N. Parkins. 
(Corrosion Techn., 1955, 2, Feb., 43-46; Mar., 79-81). The 
author describes the various types of pitting corrosion and 
their conducive environments and considers the mechanisms 
involved. Corrosion associated with high concentrations of 
caustic soda (caustic cracking), corrosion fatigue, and 
deterioration due to local overheating are discussed in some 
detail.—. E. w. 

Corrosion in the Motor-Car. (3). The Bodywork. Z. 8 
Michalewicz. (Corrosion Techn., 1955, 2, March, 75-78). 
The author considers the factors promoting corrosion of the 
bodywork of cars and discusses the motor-body materials 
generally used. The treatment of steel prior to painting, and 
electroplated bright finishes are briefly described.—L. E. w. 

Corrosion in the Food Industry. J. W. Selby. (Corrosion 
Techn., 1955, 2, Mar., 71-74). The toxicity of various metals, 
the effects of metal ions on flavour and colour, and the 
advantages and limitations of various metallic and non- 
metallic constructional materials are discussed.—L. E. W. 

The Corrosion-Resisting High-Silicon Iron Alloys. J. Dodd. 
(Corrosion Techn., 1955, 2, Feb., 37-42). The composition 
and physical properties of corrosion-resisting high-silicon 
iron alloys are given and the precautions to be observed 
during their manufacture are indicated. The effects of sul- 
phuric, hydrochloric, and nitric acids on these alloys are 
described and. tables are included detailing the effects of 
other commonly met corrosive media.—L. E. W. 

Corrosion of Ships. A. Pickworth. (Corrosion Techn., 

1955, 2, Feb., 32-36). The author briefly introduces the 
principles of electrolytic corrosion and indicates how the 
presence of potential differences in ships’ structures may be 
proved. The effects of design and construction on corrosion 
tendencies are discussed and the necessity for intelligent 
inspection and maintenance is stressed. The removal of 
mill scale, preparation for painting, and choice of paints are 
dealt with.—.. E. w. 

Metallic Phosphates in Cooling Water Treatments. W. J. 
Stone. (Corrosion Techn., 1955, 2, Jan., 13-17). The author 
presents and discusses the results of work carried out by the 
Deady Chemical Co., Kansas City, U.S.A., to determine 
the corrosive-inhibiting properties of metallic phosphates in 
water systems. The testing equipment and methods used for 
comparing the inhibiting effects are briefly described. 
Typical time/potential curves are included and discussed. 

Corrosion of Tinplate by Foods Packed in Cans. D. 
Dickinson. (Corrosion Techn., 1955, 2, Jan., 4-7; Feb., 
49-51). After briefly outlining the methods of manufacturing 
cans, the author describes the conditions which frequently 
result in corrosion and discusses the mechanisms involved. 
The corrosive effects of different fruits and vegetables, the 
effects of trace elements in the form of spray residues and 
the importance of lacquers are dealt with. The author 
concludes with some aspects of canning technique.—tL. E. W. 

Corrosion of Nickel Cast Iron in Soils. (Corrosion Prevention 
and Control, 1955, 2, Jan., 34-36, 59). A study by the U.S. 
National Bureau of Standards of the corrosion of nickel 
cast iron in soils is briefly described. Pipe specimens of plain 
cast iron and cast irons containing nickel and, in some cases, 
copper, were exposed to different soils for periods up to 11 
years. The resulting hydraulic bursting pressures and 
perforations are tabulated. The results indicate that the 
rates of corrosion of alloys containing about 3°, Ni decrease 
less with time than do the rates for plain cast irons and alloys 
containing smaller amounts of nickel, and undisturbed 
buried cast-iron pipe, even in an advanced state of graphitic 
corrosion, is able to withstand the minimum pressure 
required of class 150 pipe.—t. E. w. 

Geometric Factors in Electrical Measurements Relating 
“4 Corrosion and its Prevention. W. J. Schwerdtfeger and 

A. Denison. (J. Res. Nat. Bur. Stand., 1955, 54, Feb., 
61-71). An experimental study, based on theory, has been 
made of the potential distribution in the vicinity of line 
electrodes immersed in a conducting media to show the 
relationship between the potential distribution and geometry 
of the system.—Bs. G. B. 

The Five Per Cent Salt Spray Test and its Acetic Acid 
Modification. W. D. McMaster. (Amer. Soc. Test. Mat. 
Bull., 1955, Jan., 62-69). The steps in the development of 
the ASTM salt-spray test are described. Certain difficulties 
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have arisen in using the 20% salt spray which have been 
avoided by the use of acetic acid solutions. Tests carried 
out by both methods are reported.—B. G. B. 

The Corrosion Resistance of Stainless Steels. (T'ecn. Indust., 
1955, 38, Feb., 183-184). [In Spanish]. A galvanic series for 
well-known metals and alloys in salt water is given. The 
stainless steels in the passive state (i.e. under oxidizing 
conditions) lie close to the noble metals, but under strongly 
reducing, oxygen-free conditions (i.e. the active state) they 
are close to the plain carbon steels. Methods for passivation 
include treatment in 50% nitric acid for 1 hr. or boiling in 
3-5°% sodium bichromate for 48 hr.; this gives enhanced 
resistance to hot sulphuric acid solutions. Resistance to local 
attack by chloride ions is given by $ hr. in a 4% hydrofluoric, 
4%, chromic acid solution at 60° C. The advantages of nickel 
in improving corrosion resistance, strength, and structure 
are briefly described.—?. s. 


ANALYSIS 


Testing Errors. G. H. Gardner. (Engineer Foundryman, 
1955, 19, Jan., 38-41). The results are given of co-operative 
studies among six foundries to investigate errors in the 
determination of total carbon and silicon content and the 
tensile testing of cast iron. Statistical analysis of the results 
showed that the variations in results between foundries was 
greater than that within a foundry.—a. D. H. 

Electronic Spectrograph. R. Breckpot. (Acier, 1955, 20, 
Jan., 21-24). The author describes the new technique of 
spectrographic analysis which no longer uses photographic 
film or plate but monochromatic radiations collected on to 
one or more cells capable of transforming luminous energy 
into electric energy. Details of the apparatus are given as 
well as of the methods of using it.—™M. D. J. B. 

The Determination of Oxygen, Nitrogen and Hydrogen 
in Metals and Alloys. G. S: Martin. (Australian Inst. Met., 
1954, Symposium on Gases in Metals, Nov. 11, 1954, 16-20). 
A brief review of some of the methods available for the 
determination of oxygen, nitrogen and hydrogen in metals 
and alloys is geivn. The vacuum-fusion method is described 
and its application to Cr, Cn, Al, Ti, Mo, Zr, and high-S 
iron and steel. (65 references)—pP. M. C. 

Chemical Analysis for Nitrogen as an Indication of the 
Nitride Forming Elements in Cast Iron. L. W. L. Smith. 
(Brit. C.I. Res. Assoc., J. Res. Dev., 1954, 5, Dec., 481-489). 
A separation technique has been used for the chemical 
analysis for nitrogen in cast irons for the proportion of HCl 
soluble and HCl insoluble nitrogen present. The results 
suggest that the neutralization by aluminium or titanium 
of the effects of nitrogen on the properties of cast iron is 
due to a combination of these elements with the nitrogen. 

Hydrogen in Cast Iron. B. B. Bach, J. V. Dawson, and 
L. W. L. Smith. (Brit. C.I. Res. Assoc., J. Res. Dev., 1954, 5, 
Dec., 490-501). The evolution of hydrogen from cast iron at 
temperatures between 20° and 1150° C. has been studied. 
The vacuum-heating technique is shown to be suitable for 
the determination of hydrogen in white cast irons and the 
apparatus used is described.—s. G .B. 

Determinaticn of Nickel, Manganese, Cobalt and Iron in 
High-Temperature Alloys, using Anion-Exchange Separations. 
J. L. Hague, E. E. Maczkowski, and H. A. Bright. (J. Res. 
Nat. Bur. Stand., 1954, 58, Dec., 353-359). Full details are 
given of a method using ion-exchange techniques for the 
analysis of Ni, Mn, Co, and Fe in appreciable quantities (as 
they occur in high-temperature alloys).—B. G. B. 

Simultaneous Spectrographic Determination of Cu, Ni and 
Cr in Steel. I. Hejduk. (Hutnické Listy, 1955, 10, (2), 91-93). 
{In Czech]. 

A Rapid Method for the Determination of Lead in Steel. 
G. H. Bush. (Analyst, 1954, 79, Nov., 697-702). A rapid 
method is described for the determination of lead in steel, 
alloy steel, and cast iron. The absorption due to the presence 
of colloidal lead sulphide in alkaline solution is measured with 
the Spekker absorptiometer, iron being complexed as ferro- 
cyanide to prevent its interference. The effects of other 
constituents in alloy steel are briefly considered.—t. k. D. 

Quantometers. Z. Burival. (Hutnické Listy, 1954, 9, Dec., 
Supplement 46-48). [In Czech]. Quantitative, automatic 
spectrochemical analysis, employing direct-reading photo- 
meters, is discussed. A complete analysis of 12 samples from 
the O.H. shop can be carried out in 14 minutes.—?. F. 
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Determination of Low Boron Contents in Steels. H. Blum 
and A. Eder. (Radex Rundschau, 1954, (4-5), 123-132). 
{In German]. In the method described the oxidized steel 
solution is first subjected to mercury-cathode electrolysis, 
the boron present being transformed with the aid of carminic 
acid into an organic colour complex which can then be 
photometrically analysed. Details are given of a spectro- 
graphic method of determination employing a quartz Fuess 
110C spectrograph in which, using the Pfeilsticker A.C. arc 
exciter, excellent results were achieved with the lines Fe I 
2497-03, B I 2496°78 and Fe I 2496-54.—e. a. K. 

The Effect of Practical Carbon Determination in Iron and 
Steel on the Calibration of Instruments Used. RR. Kraus. 
(Met. u. Giesserei Techn., 1955, 5, Feb., Giessereitechn., 1955, 
1, Feb., 20-23). The author lists the conditions to be fulfilled 
if the simple volumetric method of determining the carbon 
content of iron and steel is to become standardized. The 
effect of water-vapour pressure must be reduced by using 
barrier and absorption liquids of approximately equal partial 
pressure. The water-vapour content of the combustion 
products must be determined. The remaining CO, content 
must be referred to standard conditions. Measuring scales 
to be calibrated accordingly. Dimensions of measuring 
instruments to be standard, methods of operation to be 
laid down.—. J. L. 

On the Identification of Steels (Spot-Etching Experiments 
with Sodium Thio-Sulphate). H. Klemm. (Met. u. Giesseret 
Techn., 1955, 5, Feb., 72-74). Mechanical, physical, and 
chemical methods of analysis are briefly reviewed; results 
of experiments with sodium thiosulphate are given: the 
method serves to distinguish unalloyed steels from alloy 
steels and cast iron.—t. J. L. 

Manganese Dioxide Asbestos in Steel Analysis. A. P. Lunt. 
(Analyst, 1954, 79, Oct., 651). In a combustion train for 
determining carbon in high-sulphur steel the disadvantages 
of an acid silver nitrate solution for absorbing the main bulk 
of the sulphur oxides can be overcome by substituting for it 
a dry manganese dioxide absorbant on asbestos fibre. The 
method of preparing it is described.—R. A. R. 

Thulium 170 for Industrial Radiography. KR. Halmshaw. 
(Brit. J. Appl. Phys., 1955, 6, Jan., 8-10). The character- 
istics of Tm170 are compared with those of Irl192 and X-rays 
for the examination of steel and aluminium. The usefulness 
of the available high energy radiation, particularly with 
intensifying screens, is discussed.—J. 0. L. 

Determination of Small Amounts of Aluminium in Steel 
by a Spectrochemical Method. B. C. Kar. (J. Sci. Indust. Res., 
1954, 18B, Dec., 855-856). A solution method, using a medium 
quartz spectrograph, condensed spark source and flat-topped 
graphite electrodes, is described, synthetic standards being 
prepared for comparison. In the range 0-005-0-06% Al, 
line pair Al3961-5/Fe3963-1 was used.—J. 0. L. 

A Rapid Flame-Photometric Method for the Determination 
of Calcium in Coal Ash and Coke Ash. L. J. Edgecombe and 
D. R. Hewett. (Analyst, 1954, 79, Dec., 755-758). 

Some Notes on the Rapid Method for the Simultaneous 
Determination of Sulphur and Chlorine in Coals and Cokes. 
R. Belcher and C. E. Spooner. (Fuel, 1955, 34, Apr., 164-168). 
Since the rapid combustion method for the determination of 
sulphur and chlorine was first developed a number of 
modifications have been introduced and these are described. 

Determination of Carbon and Hydrogen in Coal by the 
Sheffield High Temperature Method. KR. A. Mott and H. C 
Wilkinson. (Fuel, 1955, 34, Apr., 169-184). The latest form 
of apparatus and the procedure used are described. Results 
are given showing the agreement between four laboratories 
when applying the method to a series of coals.—n. G. B. 

Determination of Carbon and Hydrogen in Coal—-Comparison 
of the Liebig and High Temperature Methods. L. J. Edgecombe. 
(Fuel, 1955, 84, Apr., 185-190). The carbon and hydrogen 
contents of a series of 16 coals have been determined by these 
two methods. The results show that there is no significant 
difference between the two methods, but the high-tempera- 
ture method gave better repeatability. Its simplicity and 
speed also commend it as a suitable standard method.—Bs. G. B. 

Rapid Analysis of Ash from Coal and Oil Shale by Colori- 
metric Methods. N. N. Bannerjee and B. A. Colliss. (uel, 
1955, 34, Apr., Supplement S 71-S 83). A scheme for the 
rapid analysis of coal and oil shale by colorimetric methods 
has been devised which enables silica, alumina, iron, titanium, 
manganese, magnesia, lime, phosphorus, germanium, and 
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vanadium to be determined. The preparation of the four 
working solutions required and the methods of determination 
for each substance are fully described. Various ashes and 
rocks have been analysed and the results compared with 
those obtained by classical methods.—B. G. B. 

Quick Moisture Method for Coal. V. R. Gray and P. F. 
Whelan. (Chem. Indust., 1955, Feb. 5, 126-128.) An accuracy 
of about 5°, can be obtained in the determination of the 
moisture content of coal by mixing a measured volume of 
concentrated sulphuric acid with a weighed amount of the 
pulverized coal and relating the temperature rise to a standard 
graph. Using 5 g. of coal and 25 ml. of H,SO, in an unsilvered 
Dewar flask, temperature increases of about 1° C. for 1% 
moisture over the range 10-40% moisture were found, 
varying slightly with the rank of the coal samples and 
requiring correction for high carbonate contents. Little 
more than 5 min. is required for each test.—s. 0. L. 

Application of Infra-Red Spectrometry to the Analysis 
of Combustion Products containing Carbon Dioxide, Carbon 
Monoxide and small proportions of Propane. A. P. C. 
Cumming. (J. Appl. Chem., 1954, 4, Oct., 561-568). Calibra- 
tion curves of optical densities against concentrations at the 
selected wavelengths of 14:98, 4°65, and 3-3 for carbon 
dioxide, carbon monoxide, and propane, respectively, with 
nitrogen as diluent, are presented. Deviations from Beer’s 
law are apparent and result in appreciable errors in analysing 
mixtures of these gases. Correction curves are provided that 
allow accuracies in analysis of within 0-1, 0-2, and 0-4°% for 
propane, carbon dioxide, and carbon monoxide, respectively, 
which shows an improvement on results of previously 
published work on similar mixtures.—J. 0. L. 

Recent Progress in Micro-Chemistry. A. Lacourt. (Silicates 
Indust., 1955, 20, Feb., 57-65;° Mar., 110-118). Micro- 
chemistry is particularly suitable for the study of slags, as it 
facilitates the analysis of morphological elements isolated 
from the heterogeneous sample. The use of microchemical 
and physical methods for the identification of phases in slag 
are reviewed.—?. F. 

Air Stirring for Bomb Calorimeter. J. W. Whitaker, 
A. K. Ghosh and R. N. Chakravorty (J. Sci. Indust. Res., 
1955, 14B, Jan., 24-26). The increased accuracy and 
convenience in operation resulting from air stirring in bomb 
calorimetry is explained.—s. 0. L. 

The Complexometzic Determination of Magnesium, Calcium, 
and Barium with Chromazurol § As Indicator, and the 
Application to the Analysis of Magnesite and the Determination 
of Water Hardness. M. Theis. (Radex Rundschau, 1955, (1), 
333-336). 

Complete Determination of Nickel Arsenide Type Nickel 
Ores. S. Kral. (Hutnické Listy, 1955, 10, (2), 94-95). [In 
Czech]. 

The Value of Quantitative X-Ray Analysis As Applied to 
Refractory Materials. W. L. DeKeyser and L. Degueldre. 
Silicates Indust., 1955, 19, Nov., 358-362). It is shown on the 
basis of a number of examples taken from the literature, as 
well as from the author’s own work, that X-rays are a valuable 
analytical tool in refractory science, generally superior to 
chemical analysis. The formation of calcium aluminate, the 
synthesis of forsterite, and the a of aluminium 
silicate into mullite are considered. F. 

The Determination of Alumina | in Silicates (Rocks and 
Refractories). G. W. C. Milner and J. L. Woodhead. (Anal. 
Chim. Acta, 1955, 12, Feb., 127-137). New procedures have 
been developed for the determination of Al,O, in silicate 
material. A peroxide sinter is first made and dissolved in 
warm water, and HCl is added. Iron, titanium, zirconium, 
etc., are removed with cupferron, aluminium is separated by 
precipitating as insoluble benzoate which is re-dissolved in 
HCl and the aluminium determined volumetrically. When 
less than 5°% Al,O, is present the majority of SiO, is first 
removed by treating with hydrofluoric-sulphuric acids and 
the residue fused with potassium bisulphate.—k. c. s. 


INDUSTRIAL USES AND APPLICATIONS 


Research in the Field of Sheet Metal Working. E. Sicbel. 
(Z. V.d. I., 1955, 97, Mar., 21, 280-284). The author surveys 
the need for sheet-metal-working research and how it is being 
fulfilled in Germany and eleswhere. The paper was presented 
at the fourth meeting of the Permanent Committee for 
Applied Research, of the German Association for Research. 

Engineering Problems Associated with Production and 
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Operations at Low Temperature. H. E. Charlton. (Man- 
chester Assoc. Eng. Reprint, 1955, Mar., 25, 1-31). The range 
from the freezing point of water down to about —200° C. 
(—328° F.) is considered. The provisional B.S.S. code for 
pressure vessels for the chemical industry is given. It is 
prudent to select for the construction of ammonia plant 
evaporators a steel having the highest Izod value at the 
working temperature. Certain austenitic steels show good 
impact resistance, tensile strength, and ductility at low 
temperatures but their crystal structure may change 
unpredictably with time.—kE. C. s. 

Steels, Irons, and Miscellaneous Alloys for Casting Pump 
Parts Resistant to Abrasion or Corrosion. Kt. Poirot. (Rev 
Gen. Mécan., 1955, 39, Mar., 76-84). Abrasion sr see is 
first considered. For severe c -onditions of abrasion martensitic 
grey irons, martensitic white irons (Ni-Hard), or air-tempered 
Ni-Cr steel are used. Under less severe conditions low-alloy 
flake graphite irons or spheroidal pearlitic irons are suitable. 
The properties of these irons and steels are discussed. For 
severe corrosion conditions austenitic irons of the Ni-resist 
type, 18/8 stainless steels, and Cu-Ni alloys are used.—s. G. b. 

pooner of Radio-activity for Materials Technology 
P. Miller. (Z. V. d. J., 1955, 97, Feb. 11, 138-144). The haics 
of mate pr of construction for nuclear reactors and the use 
of products of irradiation including tracer elements are 
discussed.—J. G. w. 

Mechanical—Metallurgical Improvements in Drill Steel. 
T. W. Wlodek. (Canad. Min. Met. Bull., 1955, 48, Feb., 
84-90). A new type of durable * spiral-rolled ”’ drill set is 
introduced and its performance discussed. As a result of 
spiral rolling and pattern rolling, the metal in the depressed 
regions is substantially all plastically or permanently 
deformed. The metal in the untreated regions remains in its 
original elastic form. The mutually interlocking stresses 
created are responsible for the improved physical properties 
obtained. Results of endurance tests on drill parts made of 
various drill steels, spiral-rolled or untreated, are given. 

Steels for High Temperature Steam Pipes. J. M. Robertson. 
(Alloy Metal Review, 1954, 8, Dec., 2-8). Factors influencing 
the behaviour of molybdenum steel at high temperatures are 
discussed in connection with a range of steels applied in the 
manufacture of pipes for high-temperature service.—v. G 

Steel Wire for Prestressed Concrete. J. Pechanski and 
S. Steininger. (Hutnik, 1954, 21, (11), 356-362). [In Polish}. 
A survey of published investigations on properties of wire 
for prestressed concrete is given. The authors’ investigations 
indicated that this wire should be made from 0-9°,, carbon 
steel. Wires 5 mm. in dia. drawn from rolled bars 8-5 and 
9 mm. in dia., and wire 2:5 mm. in dia. drawn from 7 mm. 
rolled bars possessed the best properties. Higher degrees of 
reduction per draw increase the strength but decrease 
elongation. The influence of relaxation and ageing was also 
investigated.—v. G. 





HISTORICAL 


History of Electrical Devices for ——— Strains and 
Small Movements. B. EK. Noltingk. (J. Sci. Instruments, 
1955, 82, May, 157-158). 


ECONOMICS AND STATISTICS 


Tasks of Ferrous Metallurgy of German — oo" 
Republic in 1955. M. Friedemann. (Technik, 1955, 10, 
69-72). Following a survey of the growth me the ferrous 
metallurgical industry of the East German Republic since 
1948, the principal tasks for 1955 are outlined. Management 
comes in for heavy criticism and the setting up for productivity 
standards, better fuel economy, and automatization of 


processes are regarded as the most important tasks. The 
survey part of the article contains some data on plant built 
since the war, including low-shaft furnaces.—J. G. Ww. 


Italian Metallurgy During 1954. G. Coppa Zuceari. (Met. 
Constr. Mécan., 1955, 87, Mar., 163-165). A short account of 
the activities of the Italian iron and steel industry during 
1954 is presented. Pig iron production was 1,300,000 metric 
tons; 82°, was produced in blast-furnaces and 18 in 
electric furnaces, Steel production was 4,150,000 metric tons. 
More than 52°, was made in O.H. furnaces, 40°, in electric 
furnaces, and 7°, in basic Bessemer convertors.—B. G. B. 

— Tron and ee Industry in 1954. (Hngineer, 1955, 
199, Jan., 14, 53-55). This article gives a brief review of the 
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achievements of the British iron and steel industry in 1954, 
with particular reference to expansion schemes and develop- 
ment work.—xm. D. J. B. 

The Belgo-Luxembourg Iron and Steel Industry. (Metal 
Bull., 1955, Mar., 7-26). Production and export figures for 
1929, 1951, 1952, and 1953 are given. Luxembourg exports 
an average of 95% of her total steel production. Belgian 
iron ore deposits are almost worked out but output from 
Luxembourg mines reached over 7 million tons in 1952, of 
which over 2} million tons were exported. The activities of a 
number of steel concerns are reviewed and maps of industrial 
Luxembourg, Charleroi, and Liége are included. Companies 
are tabulated with addresses, products, and sales organiza- 
tions.—. C. Ss. 

Developments in the Iron and Steel Industry during 1954. 
I. E. Madsen. (Iron Steel Eng., 1955, 82, Jan., 107-150). 
Iron and steel production in the U.S.A. in 1954 is reviewed 
and details of expansion schemes are described. These cover 
all aspects of iron and steel making, shaping, fabricating and 
finishing. Details are also given of plants in South America, 
east and west Europe, and Asia.—mM. D. J. B. 

Activities in West Coast Steel Plants in 1954. T. A. 
Dickinson. (Blast Furn. Steel Plant, 1955, 48, Jan., 54-57). 
A brief account is given of the activ ‘ities of the Kaiser Steel 
Co., U.S. Steel Co., and Bethlehem Pacific Steel Corp. on the 
Pacific coast of the U.S.A.—R. G. B. 

Brazil’s Expanding Steel Industry : Production of Metal 
Goods Increased. (Iron Coal Trades Rev., 1955, 170, Jan. 28, 
173-174). Production figures of the Brazilian iron and steel 
industry are given, and recent and projected expansion is 
outlined.—e. F. 


MISCELLANEOUS 


Trends in Metallurgical Research in the United States. 

C. Bain. (J. Iron Steel Inst., 1955, 181, Nov., 193-212). 
[This issue]. 

Instrument Encyclopaedia. 
1955, 2, Jan., 19-29). 

An Instrument for the Accurate Measurement of Low 
Optical Densities. A. S. Cross. (J. Sci. Instruments, 1955, 32, 
Feb., 59-60). An instrument is described for the accurate 
measurement of photographic densities in the range 0-0-3, 
such as are obtained with plates coated with a single layer of 
grains. A balanced optical system is used, barrier layer 
photocells being used with a galvanometer for balance 
indication. A reproducibility of 0-0001 is obtained.—t. D. H. 

Metering Pulsating Flow—Coefficients for Sharp-Edged 
Orifices. J. M. Zarek. (Engineering, 1955, 179, Jan. 7, 17-19). 


(Instruments in Industry, 


BOOK NOTICES 


This study shows that under pulsating flow, a U-tube mano- 
meter, either damped or undamped, indicates the mean 
differential pressure across the orifice, but that the coefficient 
of discharge as defined for steady flow conditions is no longer 
applicable.—m. D. J. B. 


Personnel. T. Proudfoot. (Engineer Foundryman, 1955, 
19, Jan., 42). : 
The Theory of the gad of Metals. R. Wolfe. (Pree. 


Phys. Soc., 1955, A, 68, Feb. 1, 121-127). 

Carbon—-A Neglected Metallurgical Tool? C. E. Swartz. 
(Metal Progress, 1955, 67, Feb., 77-81). The applications of 
carbon and graphite in metallurgical operations are dis- 
cussed.—B. G. B. 

Thermodynamic Functions of Elements and Compounds. II. 
Correlation of Standard Entropies of Solid and Gaseous 
Inorganic Compounds. E. T. Turkdogan. (/. Appl. Chem., 
1955, 5, Feb., 101-104). Standard eet of solid and 
gaseous inorganic compounds have been correlated, including 
systems with the following anions: Cl—-Br, Cl-I, Cl-F, O-S. 
The equivalent-entropy concept has been applied where the 
anions are of different periodic groups, e.g. Cl—-O, O-OH, 
O-SiO,(SiO,).—s. 0. L. 

The Objectives and Techniques of Modern Quality Control. 
P. C. Clifford. (Tekn. Ukeblad, 1955, 102, Feb. 10, 113-117). 
{In English]. After outlining the specific functions of quality 
control and defining the term ‘ quality,’ the author discusses 
reasons for the inherent variability of every process and the 
resultant statistical frequency distribution of quality 
characteristics.—c. G. K. 

Contemporary Metal Processing Techniques in Russia. 
N. H. Polakowski. (Metal Progress, 1955, 67, Jan., 98-103). 
The items discussed include: Gaseous carburizing of motor-car 
gears using induction heating, continuous manufacture of 
spiral welded pipes, powder metallurgy, metallizing and 
mechanical surface treatment, continuous casting, mechanical 
working, and electrolytic hardening.—R, G. B. 

Some Mysteries of Metals. E. N. da C. Andrade. (J. Roy. 
Soc. Arts, 1955, 108, Feb. 18, 189-195). The physical 
properties of metals and alloys are discussed in relation to 
crystal structure and grain size.—k. C. Ss. 

Surveying for Safety. J. B. Quesnel. (Iron Steel Eing., 1954, 
81, Dec., 101-103). A description is given of a safety survey 
applied to crane runways, approaches, mechanical guarding, 
housekeeping and work procedures in connection with crane 
operation and maintenance, both mechanical and electrical. 

Selling Safety. W. L. Jones, jun. (Iron Steel Eng., 1955, 81, 
Dec., 96-97). The author describes how Alan Wood Steel 
Co. publicized the drive for accident prevention.—w. D. J. B. 


BOOK NOTICES 


GeLes1, A. “ Walzwerks- und Schmiedemaschinen.” (Uber- 
setzung aus dem Ungarischen.) 8vo, pp. 718. Illustrated. 
Berlin, 1954: Verlag Technik. (Price DM 53.-). 

This book has been written primarily as a text book for 
technology students, but it is also intended as a reference 
book for designers of rolling and forging equipment. It 
covers the design of hammers, mechanical and hydraulic 
presses, rolling mills with their auxiliary equipment, tube 
mills (including piercers), and wire, bar, and tube drawing 
benches. A prefatory chapter is devoted to the funda- 
mentals of plastic deformation. 

The field which the author has attempted to cover is too 
vast for a book of this size and perhaps also somewhat 
beyond the powers of a single author. The text is uneven 
and for topics such as the fundamentals of plastic deforma- 
tion, theories of rolling, and roll-pass design, the student 
will be well advised to refer to specialist books reviewed in 
the Journal in recent years. On the other hand, this book 
contains much information on details of design generally, 
and on tube-making plant in particular, which is not readily 
available elsewhere. For this reason, the designer is likely 
to find this a useful source book. The student must be 
warned that some of the mathematical analyses are not 
widely accepted.—J. G. WiIsTREICH. 

” 8vo, 

Metall- 


SpAtu, WILHELM. “ Fliessen und Kriechen der Metalle. 
pp. 160. Illustrated. Berlin-Grunewald, 1955: 
Verlag G.m.b.H. (Price DM. 13.50). 

In this book an attempt is made to approach the problem 
of the plastic flow of metals from a new viewpoint. The 
author starts from the fundamental physical background 
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of friction between two metal specimens, and compares this 
‘external friction’ with the ‘ internal friction’ between 
fragmented areas of material undergoing deformation. In 
this way an interpretation of the behaviour of metals in 
terms of the ‘ internal friction’ is obtained, and in some 
cases, the author claims, this plainly leads to a complete 
breakaway from the normal ideas of mechanical technology. 
The first of the seven sections summarizes the physical 
background from which this interpretation is developed. 
This includes the work of Bowden and others on dry friction 
between pure metals, the vibrations induced by oscillatory 
friction from thermal to acoustic frequencies, thermoelectric 
effects, and the phenomenon of electron emission from 
freshly prepared metal surfaces. The second section reviews 
existing experimental work on the appearance and forma- 
tion of slip lines, and concludes that the regular spacing of 
slip bands is not proof of the existence of an inner periodic 
structure in the crystal. Instead, in Section III, the author 
develops his theory that the constancy of slip-band spacing 
is due to interference between the ultrasonic waves induced 
by internal friction, showing that for different metals this 
spacing is proportional to the velocity of sound. Disloca- 
tions moving along slip planes are considered a potential 
source for the ultrasonic waves, and the damping of these 
oscillations is believed to raise the temperature locally to 
the melting point. The neighbourhood of the slip plane 
quickly becomes a ‘smear-layer’ of low viscosity, thus 
permitting growth into a slip band. In the final four 
sections the mechanical properties under static, dynamic, 
and creep conditions are discussed from this point of view. 
P. i. PRATT. 
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G. T. CALLIS, B.Sc.(Tech), F.I.M. 


EOFFREY T. CALLIS was born at Sharrow, Sheffield, in 1904. He received 
his education at William Hume's School, Manchester, and at the Faculty of 
Technology of Manchester University, where he was awarded the degree of 


B.Sc.(Tech.) in metallurgy in’ 1926. 


After spending a few months as an analyst with Ferranti Limited, Mr. Callis joined 
Metropolitan-Vickers Electrical Company, Limited, as a Special Trainee. He was 
subsequently transferred to the Metallurgical Section of the Research Department 
In 1930 he joined the British Non-Ferrous Metals Research Association, which was 
then situated in Birmingham, and in the following year he moved to London when 
the Association transferred their offices. In 1933 he took up a post with J. Stone 
and Company, Limited, in Deptford, where he was mainly concerned with the develop- 
ment, manufacture, and industrial application of cast and wrought copper-base alloys. 
He took up his present appointment as Chief Metallurgist to the Manganese Bronze 


and Brass Company, Limited, at Birkenhead in 1949. 


Mr. Callis serves on various technical committees of the Ministry of Supply, the 
British Non-Ferrous Metals Research Association, the British Standards Institution, 
the Institute of British Foundrymen, and the Association of Brass and Bronze Founders. 
He was admitted as a Fellow of the Institution of Metallurgists in 1946, and was elected 
a Member of The !ron and Steel Institute in the same year. He was elected to serve 


as President of the Liverpool Metallurgical Society for the Session 1954-55. 











G. T. Callis, B.Se.(Tech.), F.1.M. 
Honorary Member of Council, 1954-55 
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